

















To the vast majority of mankind nothing is more agreeable than 
to escape the need for mental exertion. ... To most people nothing 
is more troublesome than the effort of thinking —JAMES BRYCE. 
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By ARTHUR G. HOFF, Ph.D., Associate Professor of Education, 
University of Redlands, California 
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Helping the science teacher to teach’’ is truly 
the essence of this new book by Dr. Hoff. Edu- 
cational values are appraised as practical, disci- 
plinary and cultural and, since the student lives 
in a predominantly science environment today, 
the book shows how to prepare him to adapt 
himself and make intelligent use of the facts 
and materials of modern science. 

A clear and definite plan for Unit teaching is 
presented in which the various problems en- 
countered in the science classroom are treated. 
Unit 1 discusses the mission of science in edu- 
cation; 2 the content of science in the secondary- 
school, 3 the function of method in science teach- 
ing, 4 specific technics in teaching science, 5 
supplementary factors in science teaching. The 


unit plan permits the integrative use of other 
methods of teaching as a whole or in part when- 
ever appropriate. These methods also are briefly 
described and their technics evaluated as applied 
to the teaching of science. 

Dr. Hoff has devoted many years to science 
teaching in the junior and senior high school 
and in the area of training science teachers for 
the public secondary school. His book presents 
an up to date summary of functional informa- 
tion as determined by rich experience and re- 
search. It will help the beginning teacher master 
to a functional degree one method of teaching 
which will carry him through until experience 
and further study enable him to develop im- 
proved technics. 
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The prisoner, ““P,” has been granted a pardon. Find and trace 
in red the hidden message, which shows the shortest way out, 
and help him get home by December twenty-fifth. 
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A NEW FORMULA FOR COMBINATIONS 


Karpy TAN 


Chip-Bee Institute, Senior Middle School Department, 
Amoy, Fukien, China 


We know that the number of combinations of ” things taken 
7 at a time when each of the things may be repeated any number 
of times (up to r times) can be denoted by mHr and the result 
can be found by the following formula: 


ofls = nt iC, = . a“ wean = —s > ’ ( 1) 


(See Chrystal’s Algebra, II, $10.) 
But, in the case of r>n, we may use the following formula 
more conveniently than (1). 
The formula is thus: 


i) 


eH, =r. 1 \ 
Since 
+1 ga = (74194 (n—p Cant [by (1) | 


rin 4C n—1 944-10 re—-1—(9—1) 


> aa aes = ,H,. hs . P 


Hence the result is true universally. , 

N. B. This formula (2) 8 corresponding te ial. 

Example: To find the, number of tefnts in (a+d-+0)*® ° 

The number of terms Tequire@ =the number of ‘homogeneous 
products and powers of 3 letters taken 8 at a time. 


; 9-10 
"Sal =6l=— ~45=. 
1-2 
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“Slidefilms and Motion Pictures—To Help Instructors”’ is the title of a 
new catalog of selected visual teaching aids produced and distributed by 
the School Service Department of The Jam Handy Organization. This 
booklet lists discussional slidefilm kits, sound slidefilms, and educational 
sound motion pictures for vocational training and classroom use. All 
subjects have been selected for timeliness and adaptability to current 
teaching trends and instructors’ needs. Free copies of this new catalog 
may be obtained by writing to The Jam Handy Organization, 2821 East 
Grand Boulevard, Detroit 11, Michigan. 
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GIRLS AND GRADES: A SIGNIFICANT FACTOR 
IN EVALUATION 


DEAN LOBAUGH 
Assistant Superiniendent of Schools, Eugene, Oregon 


The well-known investigations of Starch and Elliott in 1913, 
which showed an astounding variation in the judgment of ge- 
ometry teachers regarding the worth of a given pupil’s geometry 
paper, gave great impetus to increased objectivity in measure- 
ment of pupil accomplishment. From that time forward in- 
vestigations have confirmed their findings, namely, that subject- 
tive teacher judgment as expressed in marks is most unreliable. 
In 1940, Douglas E. Lawson’ made a study of teachers in which 
the control factors were unusually constant, in which he found 
that ranges of 85 and 90 points on a scale of 100 were to be 
found in the teachers’ evaluations of given responses on an ex- 
amination. Despite the increased use of objective and stand- 
ardized measurements in our classrooms, the term mark which 
presumes to sum up in a symbol the level of pupil accomplish- 
ment has continued to be a highly subjective thing. 

Yet the place of the term mark in our educational structure 
remains as fixed, almost, as ever. Efforts have been made to 
modify it, to discard it, to re-interpret it, to camouflage it, with 
only indifferent success. Attempts have been made to widen the 
scope of the mark in order to include evaluations of cther at- 
tainments of the pupil than academic success, but the basic 
question still remains: “Does that mean an A or a B?” Pupils’ 
cumulative folders may be full ‘of notes on interviews, personal- 
ity ratings, anecdotal records, and copies of third grade compo- 
sitions, but the record that counts is the one that goes on the 8 
by 5 card with the end-of-term marks upon it. That is the card 
which determines whether you get into the National Honor 
Society, or get a recommendation for a job, or get into the 
college of your choice, or whether you will be rushed for a so- 
rority; in fact, it holds the key to your graduation from high 
school. If the complexion of the card is right, you get a wrist- 
watch from Great-aunt Minnie, and your father and mother 
treat you to a trip to Los Angeles. 

The teacher’s mark! Kids cheat for it, sweat for it, copy for 
it; parents discuss it, get mad about it, apologize for it or brag 
about it; teachers live with it, for better or worse, day and 
night. Whether the mark should have this importance is an- 
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other thing; the point is, there is no denying its significance. 

Furthermore, it seems obvious that an educational firecracker 
like this should be carefully handled. No teacher dares build a 
consistent record of unfairness, or carelessness, or unpredicta- 
bility in the handling of marks. Teachers recognize this. Many 
of them develop elaborate schemes to guard against such weak- 
nesses. They learn about normal curves and standard deviations 
in an effort to be scientific. Yet the most conscientious of them 
are influenced by subjective judgments, by their own physical 
condition, by the time of day at which the evaluation is made, 
by the influence of pupil personality, by pressures of one kind or 
another from parents, or principals, or fellow-teachers. Emily S. 
Dexter conducted an experiment which showed that fatigue had 
a significant effect upon teachers’ marks.’ 

But one of the most vital influences in determining what mark 
shall be given a pupil for his or her work has been only casually 
recognized and sporadically studied. It is a fact, which I think 
can be made fairly obvious, that whether the recipient of a 
mark is a boy or a girl makes a very great difference. 

Let us note first what recent evidence there seems to be to 
support this contention; then, if a case seems to be established, 
let’s attempt to adduce some reasons why. Perhaps we can 
throw some little light on what goes into our common type of 
pupil evaluation. 

The writer had taught school for a number of years, and had, 
as a high school principal, worked with a great many permanent 
record cards, without realizing, how meaningful a difference 
there is between girls’ marks and boys.’ Yet a moment’s thought 
should have recalled that rarely did a boy get to be valedictorian 
of his class. Recently, in a large high school which I served, a 
boy turned the trick for the first time in twenty years! 

However, I was intrigued when, about 1935, in reading an 
article by George R. Johnson,°* in charge of tests and measure- 
ments in St. Louis, Mo., schools, pointing ‘out the sharp dis- 
crepancies between teachers’ marks and achievement test scores 
for the same pupils, I found this significant note: that 63% of 
the failing grades given in the schools covered in his study were 
received by boys, and that the median grade for all boys was 
78.3, but for all girls 80.3. 

Apparently Mr. Johnson sensed the implications of this one 
point in his findings, for a year or so later he devoted a complete 
article® to an analysis of the difference between the standings of 
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boys and girls, respectively, on standardized achievement tests, 
on teacher marking, and on intelligence. In brief, his findings 
were that in all St. Louis high schools 61% of the boys 
were in the upper half of their classes on achievement test 
scores (Sones-Harry), which meant that only 39% of the girls 
got into the charmed circle; he showed that likewise, on intel- 
ligence scores, 51% of the boys but 49% of the girls were in the 
upper half of the class; but on teachers’ marks, the ratios were 
reversed, with 59% of the girls getting top half grades, against 
41% of the boys. Mr. Johnson drew a number of conclusions, 
but his data at the moment can speak for themselves. All the 
high school pupils in St. Louis constitute a pretty fair experi- 
mental group. 

About this time (April, 1937) Harl R. Douglass and Newman 
E. Olson published an article entitled The Relation of High 
School Marks to Sex in Four Minnesota High Schools.2 They used 
as the basis for their study four of the larger high schools in the 
iron mining district of northern Minnesota, and their findings 
parallel those of Johnson in St. Louis. They showed that boys 
fared worse than girls in the matter of teacher marks, and they 
show the relation of these marks also to the sex of the teacher 
assigning them. On this basis, women teachers in these high 
schools failed 10.9% of the boys, but only 5.3% of the girls; 
the men teachers failed 5.1% of the boys, and 4.5% of the 
girls. 

With the suggestion of these findings in mind, I began to look 
more carefully at what was happening in our own school. I 
presented some of these ideas to faculty groups, and found a 
great measure of disbelief among the women on the staff, but 
some nodding in approval by the men. About this time, we de- 
cided to measure our seniors on a standardized achievement 
test, and we chose the Myers-Ruch High School Progress Test. 
This was administered to all the members of the graduating 
class of 1940 at the close of the year, and to subsequent classes at 
the very opening of the senior year. The purpose of the test was 
largely to determine whether we were doing a reasonable job 
with the so-called basic subjects of English, mathematics, sci- 
ence, and social studies, at least one year of each of which was 
required in this school. We found that the tests had some value 
also as a guidance instrument. But immediately some rather 
startling data on achievement by sex began to reveal itself. 
After three years we made some analyses,® and it should be 
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pointed out that additional experience with the test in the years 
up to 1945 revealed no change in the trend. 

The Myers-Ruch Progress Test is a 120-item test, with 30 
items each in the fields mentioned above. The school required 
three years of English, one year of mathematics (and the great 
majority of students took algebra) one year of either biology, 
chemistry or physics, and two and a half years of social studies. 
Normally, these requirements were completed by the end of the 
junior year, when the test was administered. 

In scoring the 1940 tests, we received our first shock when we 
tried to find the papers of the valedictorian and salutatorian of 
the class (these tests, as indicated, were given at the end of the 
senior year.) Now the graduating classes at this time were num- 
bering 250 or more each year, and the school had a strong 
academic tradition, so being number one and number two 
scholar in the class on a three-and-a-half year average was no 
mean feat. These individuals were girls, as usual. But we had to 
go down 36 scores from the top to find the valedictorian, and 105 
scores down to find her runring mate! In 1941, the correspond- 
ing individuals did a letter better. The valedictorian (a girl) 
came up to 19th place, and the salutatorian (a girl) was ex- 
ceeded only by 41 members of the class. 

On the contrary, on the 1940 test, a boy who ranked 49th on 
seven-semester scholarship averages was second on the test, 
ranking at the 98 percentile mark on the nation-wide norms. 
(This fellow later studied at California Institute of Technology, 
and is now a college instructor in physics.) But this is the most 
striking observation: the boy in the class who ranked first on 
the achievement test actually was so poor a class performer that 
he failed of graduation, and required another year of high school 
to finish! 

These cases, however interesting, are of course, isolated and 
are therefore not particlarly meaningful. Let’s follow the test 
results a little further. 

In the class of 1940, the top 14 scores were made by boys. 

In the class of 1941, only three girls made the top 15. 

In the class of 1942, only three girls made the top 15. 

In the class of 1940, the girls had a seven-semester grade point 
average of 2.19; the boys had to be satisfied with a 1.97 on the 
same basis. But on the Myers-Ruch results for the same class, 
the boys’ median score was 46, and that of the girls 36. This ten- 
point differential in medians was characteristic of all the tests down 
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to 1945, the last year they were given. In some years the spread 
was even greater. 

Although girls did not make an especially good record in the 
upper reaches of the test scores, they were pretty well repre- 
sented at the lower end. In each of the 1940 and 1941 classes, 
eight of the bottom fifteen cases were girls. The contrast is, of 
course, not as spectacular as at the upper end, but still is sig- 
nificant. 

R. W. Edmiston, writing in the Peabody Journal in 19434 
added additional evidence of sex difference in marks, pointing 
out that in the situation which he studied, the average grade for 
girls was 84.4, and for boys 80.0. He further pointed out that 
women teachers gave the girls grades averaging 5.4 points above 
those given boys, whereas the men were a little less partial to 
the girls, giving an advantage of only 3.4. 

And still the data keeps coming in. Mark C. Schinnerer,’® in 
a study of the 21 junior high schools in Cleveland, Ohio, found 
that 3 times as many boys failed English as did girls, and that in 
mathematics, social studies, and general science, the boys failed 
twice as often as the girls. He found that both men and women 
fail more boys than girls, though women lead the men in this 
respect. 

The relation of boys to girls in honor societies is discussed in 
two articles appearing in the early 1940’s. Clifford Swenson,” 
principal of the Lindsborg, Kansas High School, studied the 
make-up of the National Honor Society in his school over a. 
number of years. As only 15% of any graduating class is 
eligible for membership in the society, and as scholarship is the 
sine qua non for membership, most high schools set up a mini- 
mum scholastic standing which the pupil must achieve before he 
will be considered for membership. He found that on this basis, 
in his high school over a ten year period (1932-41), only 14.23% 
of the boys were scholastically eligible for membership, against 
38.29% of the girls. Now the National Honor Society also says 
that service, leadership, and character shall be determining fac- 
tors, and this is interpreted to mean after the scholastic require- 
ment is met. It is interesting to note, therefore, that the ratio of 
boys to girls in actual membership was not quite so adverse as 
the ratio of scholarship, which means simply that in qualities 
other than scholarship the boys have enough superiority over 
the girls to offset slightly the disadvantage in marks. But even 
if boys are paragons of school citizenship, the scholastic odds are 
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so great that but few of them can make the society. 

L. C. Day,’ studying honor roll records in the schools of 
South Portland, Maine, found that the so-called ‘‘honors”’ of the 
school were essentially a feminine prerogative. He notes that in 
the elementary schools of his city, a girl has 1} times as much 
chance of getting an A as does a boy, and that a boy has twice 
as much chance of getting a D as does a girl. A perusal of the 
honor rolls in the high schools of his community showed that the 
girls have a three-to-one advantage. 

Intrigued by his study of the National Honor Society, Swen- 
son" made a study of all marks given in the Lindsborg High 
School for the years 1937-41 inclusive. His findings are typical. 
He found that the grade point average for the boys over these 
years was 2.25, for the girls, 2.82—more than half a grade point. 
He found that men teachers gave boys a GPA of 2.43, girls 2.87; 
women gave the boys 2.08, the girls 2.77. 

Like the present writer, he was interested in how these teacher 
marks compared with intelligence and achievement test scores. 
His study found no appreciable difference in intelligence, the 
concensus, incidentally, of all these who mentioned this factor, 
but he found that on the Sones-Harry Achievement Test, ad- 
ministered to his seniors over several years, his boys’ median 
was 141.0, his girl’s median 119.75. 

So convincing were some of these findings to the editors of 
The Clearing House, in which Schinnerer’s and Swenson’s arti- 
cles appeared, that they editorialized on the question Do Boys 
Get Short-Changed?® Their conclusion was that they do. 

It should be apparent by this time that this writer thinks so, 
too, and since such a conclusion says that as educators we may 
not be playing fair, we should look into reasons, and if possible, 
remedies. What is the matter with the boys? 

Obviously, it isn’t intelligence. It is impossible to find any 
evidence that girls have any greater test intelligence than boys; 
in so far as there are differences, they tend to favor the boys as 
often as the girls. Paul Witty,” in a study of high schools in 
Illinois in the 1930’s, considered 27,642 tests in 13 high schools, 
and found similar intelligence scores for boys and girls. If any- 
thing, the boys had a slight advantage in the upper intelligence 
levels. 

It is further obvious that the differential in marks cannot be 
accounted for by family environment. In any normal school 
community, the homes from which the boys of the school come 
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will be the homes from which the girls come. That is the way 
nature works. 

I suggest as the number one cause of the differential the 
widely accepted conclusion that girls of a given age have a ma- 
turity advantage over boys of the same age. Some one suggested 
recently that boys should not start the first grade until they are 
seven, in order that they be on equal maturity levels with girls 
starting school at six. If this hypothesis can be accepted, then 
we must agree that at each grade level we are likely to find the 
girls better co-ordinated physically, better poised socially, better 
developed intellectually. This becomes particularly significant 
at the junior high school age, when sharp physical changes be- 
gin to take place, demonstrably earlier in the girls than in the 
boys. Now it is pretty apparent that consciously and uncon- 
sciously in our educational program we lay great stress on ma- 
turity. The more nearly the pupil thinks and acts like an adult, 
the more nearly we as adults think he is progressing education- 
ally. It follows that in a class of fifteen-year-olds the girls are a 
good bit nearer their adulthood than are the boys, hence the 
boys are bound to suffer by comparison. 

There are some corollaries to this proposition which deserve 
a little further elaboration. From babyhood, the girl is taught 
the rudiments of charm. She develops a winsomeness of manner 
(there are exceptions), a greater fastidiousness of appearance, 
and she learns, consciously or unconsciously, to exploit her 
femininity. She learns to be tractable and ingratiating, rather 
than demanding. The transition from girlhood to womanhood is 
often made with astonishing facility, and as a result the “cute 
schoolgirl” is a commonplace. These traits make the girl a most 
acceptable pupil. Women like them because they understand 
that kind of attitude toward getting along in the world. Men like 
them because men are men. 

But behold the boy! Awkward, unco-ordinated, loud, untidy, 
he suffers seriously in any classroom group by comparison with 
his sister. It is pretty hard to love a growing boy for his physical 
qualities, let alone if he is sweating from the noon ball game and 
his face is pimpled with acne. To care for a growing boy you 
have to be willing to understand what makes him “tick,’’ must 
look within his mind and spirit for the potentialities hidden 
there. Few teachers are patient enough to do such exploring 
when the answers they seek are apparent in the well-scrubbed 
and braided heads of the girl pupils. The evidence shows that 
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women are even more partial to girls than men are. Most of our 
women teachers are many years removed from any contact with 
boys as boys (not as pupils). ““The trouble with you old maids,” 
retorted a mother to a teacher’s request that she deodorize her 
son before sending him back to school, “is that you don’t know 
how aman ought to smell.” . . . It has been my own observation 
that boys rarely give indicaticn of the physical attractiveness 
which characterizes early manhood much before their senior 
year in high school. By that time their school record is water 
over the dam. 

An important result of these marked sex differences as seen 
in the classroom now seems to follow logically. Since boys find 
themselves competing unequally on the basis of physical ma- 
turity and attractiveness for the favor of the teacher, they do 
what everyone does when he finds things out of balance—he 
compensates. In the classroom he compensates by indulging in 
behavior ranging all the way from annoying to thoroughly anti- 
social; on the playground he asserts his-masculinity in rough 
talk, in physical contact, in games sacred to boys. As opportuni- 
ties are given he tries for recognition of his peers through school 
teams, and to the degree that he is successful he feels compen- 
sated for his classroom ineffectiveness. If his reaction cannot be 
channeled into the outlets suggested above, they may become 
more and more dangerously anti-social. Now all this feeds upon 
itself, for the more difficult the boy’s behavior, the more thor- 
oughly he incurs the disapproval of the teacher. 

On the other hand, the girl finds great satisfactions in the type 
of school accomplishment which meets teacher approval. More 
restricted than her brother in the nature of her activities from 
early childhood, seemingly less aggressive in physique and dis- 
position, she finds her role as classroom favorite much to her 
liking. Realizing that as an adult she must submit to living ina 
‘“‘man’s world,”’ she gains intense satisfaction, even as a primary 
pupil, in outdistancing the boys for teacher favor. She knows in 
her heart that it is a temporary advantage, and she makes the 
most of it. Then, too, especially as she grows older in school, she 
finds that many of the big honors go to the boys anyway, even if 
they are lazy and ornery. They get the athletic letters, they win 
the student body offices. In the face of this, the girl works harder 
than ever for teacher-bestowed honors. 

Then, too, it can be observed that in their performance of 
school tasks girls tend to be more meticulous, more punctual, 
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and vastly neater. These qualities are very dear to the teacher’s 
heart. The careless paper, the messily written one, the one 
tardily prepared will inevitably suffer in contrast with others, 
and they are very likely to be products of boys. There is some- 
thing about feminine mores that places in their minds and habits 
an emphasis on form, that prizes the package along with the 
content. It is difficult for the fairest teacher to evaluate equally 
two pieces of scholastic content, when one is beautifully pre- 
pared, and the other is thrown together. But to the male mind, 
it is the answer that counts. 

Again, it may be reasonably said that to a girl the school pro- 
gram is a task to be finished—finished, that is, when the marks 
are totaled up and the diploma of graduation is given. She 
knows that most of what she learns will never be functionally . 
useful—but that it seems the wish of society that she learn at 
least temporarily, nevertheless. So she tends to try to do all 
tasks in school equally well, and to forget them equally fast, 
unless somewhere along the line she catches fire about music or 
art, or literature, or being a librarian. But the boy is always 
seeking, more or less directly, for an abiding interest. If he finds 
it in school, he is likely to pursue it in earnest, to the exclusion of 
other fields. This does not increase his status with the teacher 
whose subject he feels relatively unimportant. 

Well, one would think from all this that a boy cuts a pretty 
sorry figure on our educational stage. Most of the time he does, 
but he has his moments. 

Those moments are when someone gives a test to find out 
what the pupils have learned. The achievement test results re- 
viewed in the earlier part of this paper showed uniformly that 
boys tend to dominate test results as thoroughly as girls domi- 
nate teacher marks. How can these unlovely male creatures do 
such a thing? 

In our school, when this anomaly became apparent, several 
explanations were immediately forthcoming, particularly by the 
women teachers. It was said, first, that such a test was unfair to 
the girls—that girls traditionally studied as little mathematics 
and science as was permitted, whereas boys often carried three 
and four years in these branches, both of which were important 
areas of the test. With this explanation they were content, until 
I pointed out that boys did consistently better than girls in the 
social studies area of the test, in which both sexes were very 
likely to have had equal opportunities for learning. Only in 
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English did the girls have a clear-cut advantage. 

Others said that what the results meant was that the tradi- 
tions of the school and the community were such that girls got, 
in a sense, an inferior education. It was assumed that except for 
a smattering, the whole science-mathematics area was closed to 
the typical girl. 

But whatever the reasons, and allowing for even a strong bias 
in the achievement tests, these results cannot be lightly tossed 
aside. What we have is a picture which shows that the boys oc- 
cupy a consistently inferior position in the day-to-day work of 
the schools, yet spring into the commanding position when 
judged on the work which the schools are presumed to be doing. 

One does not have to seek far for the explanation. The judg- 
ment of the teacher, as we said in the very beginning, is highly 
subjective, and the teacher mark in any given course only par- 
tially, if at all, represents real achievement in the content of the 
course. It represents a composite of values, judgments, and even 
prejudices. It becomes an evaluation in a much wider sense than 
the teacher’s mark is usually defined to be. And in this kind of 
evaluation our schoolboy, for reasons already mentioned, does 
not fare so very well. 

As we analyze this, we see the teacher’s dilemma. In the or- 
ganization of her class, she finds from experience that she must 
set up certain standards and requirements of performance. She 
finds after a short time that unless she assigns work to be 
handed in, youngsters will not take assignments seriously; that 
unless she sets standards of neatness, work will come in prepared 
in a hundred different ways, making marking exceedingly diffi- 
cult; that unless she sets standards of punctuality, of behavior, 
of performance of all kinds, she is likely to have anarchy on her 
hands. Once she sets up such requirements, she finds that she 
must have an instrument of enforcement, and her class mark is 
one of the most effective. To the classroom teacher, the A comes 
to mean not only excellence in achievement (it may not even 
mean that) but it means that she sets her Great Seal of approval 
on that individual as a member of her class group. Her D may or 
may not mean that achievement is low, but it certainly means in 
most cases that the individual was somewhat outside the pale of 
her general approval. 

“TI can’t give George an A, in spite of this examination. My 
book shows that there were six times during the quarter that he 
didn’t turn in his daily work.” 
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‘“‘What would the class think if I gave Bill a B after the way 
he talked back to me last week?” 

“Tf I give an A to a boy who is tardy every other morning, 
how can I expect to get the rest of the class here on time?” 

And so it goes. It is foolish to compare the general evaluation 
of a pupil which is contained in the teacher’s mark, and an ob- 
jective achievement score. They are only partially measuring 
the same thing. 

Schools have in a measure recognized this by attempting to 
give “citizenship” grades along with what are presumed to be 
achievement grades. It is thought that by pulling out the sub- 
jective factors, a reliable measure of achievement would remain. 
It is a pious hope. As long as marks of any sort are the result of 
teacher judgment, personal factors will make them undepend- 
able measures. 

Can anything be done? I have three suggestions. 

1. Emphasis in teacher education, both pre-service and in- 
service, must be placed on how children grow. If teachers, both 
men and women, understood better how boys and girls mature, 
they would be far less arbitrary in their judgments. 

2. The number of men teachers must be increased. Although 
the studies surveyed showed that generally both men and 
women marked girls higher than boys, in all cases the women 
teachers were the greatest offenders in this regard. Although it 
seems well for both boys and girls to have teachers of each sex, 
an equal distribution in the teaching staff would tend to bring 
the grades of boys and girls somewhat better into balance. 

3. In the long run, the answer seems to be greater objectivity 
in measuring pupil growth. As an experienced teacher, I realize 
the need of extrinsic controls over a pupil group, no matter how 
favorable the learning situation may seem to be. I have no ob- 
jection to a mark which sums up the teacher’s opinion of the 
pupil as a functioning member of her group. But I do object to 
having this stand as a measure of what the pupil has learned 
about the content of the course. I recommend that the latter be 
determined solely on standardized tests, and that it be so under- 
stood by teacher, pupils, and parents. Let the girls get their A’s 
from the teacher’s grade book, and the boys their’s from the 
test director. 
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WILLIAM E. WICKENDEN 


Dr. William E. Wickenden, third President of Case Institute of Tech- 
nology, died of a heart attack at his summer home in Jaffrey, New Hamp- 
shire, on August 31. Dr. Wickenden had been President of Case since 1929, 
and his death occurred on the day when his retirement was to have taken 
place. 

A native of Toledo, Ohio, Dr. Wickenden graduated from Denison Uni- 
versity and took graduate work at the University of Wisconsin. At twenty- 
six he became an Assistant Professor at Massachusetts Institute of Tech- 
nology and later served as Assistant Vice-President of the American 
Telephone and Telegraph Company. During his eighteen years as Presi- 
dent of Case Institute of Technology, he was widely known for his pro- 
fessional and educational activities, serving as trustee, chairman, of 
president of twenty-five societies and organizations. In 1945-46 he was 
President of the American Institute of Electrical Engineers. 

A week before his death, Dr. Wickenden had accepted a post as a repre- 
sentative for engineering on the United States Commission to the United 
Nations Educational, Scientific, and Cultural Organization. 





The true purpose of education is to cherish and unfold the seed of im- 
mortality already sown within us; to develop to their fullest extent, the 
capacities of every kind with which the God who made us has endowed 
us.—ANNA JAMESON. 














A “MEANING” THEORY FOR ALGEBRA? 


JoHN J. KINSELLA 
University School, Ohio State University, Columbus, Ohio 


INTRODUCTION 


Over ten years ago Brownell proposed a “meaning” theory of 
arithmetic. ‘“The ‘meaning’ theory conceives of arithmetic as a 
closely knit system of understandable ideas, principles and proc- 
esses. According to this theory, the test of learning is not mere 
mechanical facility in ‘figuring.’ The true test is an intelligent 
grasp upon number relations and the ability to deal with arith- 
metical situations with proper comprehension of their mathe- 
matical as well as their practical significance.’ 

Other writers continued to spread the gospel of the ‘‘meaning”’ 
theory. Its emphasis on “understandable ideas” was a reaction 
to a period of arithmetical education characterized by too much 
dependence on repetitive drill. Its mention of “‘a closely knit 
system” might be considered an answer to the idea that arith- 
metic could be learned incidentally.2 By coincidence, or other- 
wise, its emphasis on “‘relations’”’ seemed to be in harmony with 
some of the ideas proposed by the exponents of the “field theory”’ 
of learning? 

Many students of mathematical education have called for 
closer coordination between the teaching of arithmetic and the 
teaching of algebra. The lack of continuity seemed to violate the 
idea that mathematical concepts, such as number, relational 
thinking, proof, symbolism and operation, should have an un- 
interrupted growth.‘ This chasm between the teaching of the 
two subjects seemed rather strange, too, in view of the fact that 
the letters used in algebra referred to numbers and described 
their behavior under the influence of such operations as addition, 
subtraction, multiplication and division. 

On the surface, it would seem that the bridging of this 
gap would not be an impossible feat. The principal difficulty 
seemed to originate with the mistaken idea, held by many stu- 
dents, that algebra meant the mechanical manipulation of 


1 National Council of Teachers of Mathematics, The Tenth Yearbook, The Teaching of Arithmetic, 
Bureau of Publications, Teachers College, Columbia University, 1935, p. 19. 

2 Jbid., pp. 118-120. 

* Nationa! Society for the Study of Education, Forty-First Yearbook, Part II, The Psychology of 
Learning, Public School Pub., 1942, pp. 189-190. 

* Nationa! Council of Teachers of Mathematics, Fifteenth Yearbook, The Place of Mathematics in 
Secondary Education, Bureau of Publications, Teachers College, Columbia University, 1940, pp. $7~S8. 
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meaningless symbols. Hence, one possible way of correcting this 
misapprehension might be to make algebra more intelligible by 
building on the Brownell type of meanings, apparently de- 
veloped in arithmetic. 

It is commonly accepted that the element of generality is 
what distinguishes algebra from arithmetic.® This generality is 
expressed in letters and signs of operations. Meanings in algebra 
are achieved when the relationships implicit in the arrangements 
of these symbols are understood. 

This paper will deal with the translation of some of the more 
obvious of these relationships from their arithmetic setting to 
the algebraic one. No assumption will be made that the acqui- 
sition of these meanings alone should constitute the educational 
contribution of algebra. Some facility in handling certain alge- 
braic techniques is necessary as well as some comipetence in 
applying mathematical understandings to problems having 
social implications. No assumption is made either that it is 
easier to teach or to learn algebra by emphasizing meanings. It 
is postulated, however, that longer retention, wider applica- 
bility and greater continuity of mathematical ideas will result 
from an emphasis on meanings.°® 


Meanings in Arithmetic 


Some of the relationships stressed in the “meaning” theory ~ 
of arithmetic were these:’ 


Ar 1. The inverse relationships between addition and subtrac- 
tion, e.g., if 3+2=5, then 2=5—3 and 3=5-—2, and 
conversely. 

Ar 2. The inverse relationships between multiplication and di- 
vision, e.g., if 3X5=15, then 3=15+5 and 5=15+3, 
and conversely. 

Ar 3. The relationship between multiplication and addition, 
e.g., 5X3=34+34+34+3+3. 

Ar 4. The relationship between division and subtraction, e.g., 
15 +3 equals the number of 3’s to be subtracted from 15 
to yield zero. 

Ar 5. The commutative relationship in addition, e.g., 3+5= 


5+3. 








5 Everett, J. P., The Fundamental Skills of Algebra, Bureau of Publications, Teachers College, Co- 
lumbia University, 1928, p. 21. 

* Katona, George, Organising end Memoriszing, Columbia University Press, 1940. 

7 See (1) above, pp. 25-28. 
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Ar 6. The commutative relationship in multiplication, e.g., 
3X5=5X3. 

Ar 7. The distributive relationship in multiplication, e.g., 
35 X4 means (30+5)4=120+20 =140. 

Ar 8. The associative relationship in multiplication, e.g., 
2X4X5=(2X5) x4. 

Ar 9. The unit or “like terms” idea, e.g., in 35+24, the units 
and tens digits must be added separately and in + the 
two fractions must be of the same kind. 

Ar 10. The substitution idea, e.g., 10 units=1 ten, § may re- 
place ¢ and 12 inches may take the place of one foot. 


Simple Linear Equations and Formulas 


The inverse relationships described under Ar 1 and Ar 2 above 
can be easily applied to solving and transforming linear equa- 
tions and formulas. The four simple types and their solutions 
are as follows: 

(A) From Ar 1, if a+b=c, then a=c—b and b=c—a. 

(S) From Ar 1, if m—s=d, then s=m—d and m=s-+d. 

(M) From Ar 2, if fs=p, then f=p+s and s=p+f. 

(D) From Ar 2, if 7 =g, then d=- and D=ddq. 


Illustrations 
(1) If x+2=7, then x=7—2 by (A) above. 
(2) If c+p=s, then p=s—c by (A) above. 
(3) If y—5=3, then y=5+3 by (S) above. 
(4) If S—C=G, then C=S—G by (S) above. 
(5) If 4¢=11, then ¢='¥ by (M) above. 
(6) If rd=C, then d=° by (M) above. 
(7) If 3=5, then h=5X3 by (D) above. 
(8) If ys=f, then «=12f by (D) above. 


This procedure would make unnecessary the use of axioms. 
It would capitalize on the number relations developed in arith- 
metic to guide the manipulation of the symbols of algebra. 


More Complex Linear Equations and Formulas 


When the equations or formulas are more complex, solutions 
consist of the application of the inverse relationships until the 
desired letter or combination of letters is isolated on one side of 
the equation. There is no one order of solution; in fact, a va- 
riety of orders from students is usually an encouraging sign in 
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the early stages of learning. The most direct approach, however, 
is usually to involve the unknown on one side of the equation as 
soon as possible. 

The idea that expressions like 7y—2 and 4z can be treated as 
single quantities must have been developed previously. 





Tliustrations 
(1) 5X+2=3X-—8 
5X =(3X—8)—2 by (A) 
or 5X =3X—10 
5X—3X=—10 by (S) 
or 2X =—10 
X= ac by (M). 
2 
(2) To solve E= for r, 


R+r 


I 
R+r=— by (D) 
E y 


by (A) 
r=—— , (A). 
oc 


1 
=— for f, 


q 
= (—-—) by (A) 
q F . 
j=i+(—-—) by (D). 
q F 


How much simplification is desired depends on the purposes 
of the teacher. The author believes that in this stage of learning 
the amount of simplification should be kept to a minimum. 


1 
(3) To solve a 


| se 


DIRECTED NUMBERS 


After the meanings of positive and negative numbers are 
clarified through the use of a horizontal number scale, the stu- 
dent is ready for the addition and subtraction of them. As 
Everett shows,® an understanding of the meaning of (—3)+ 
(+5) and of (—3)+(—5) consists in recognizing that the 
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‘signs’ must be given more than one interpretation. It is not 
enough to realize that the sign preceding the 3 gives the position 
relative to zero and that the sign between the parentheses means 
the addition operation. It is also necessary to observe that 
(—3) is a starting point and that the other two signs provide a 
direction for counting. 

There is, of course, a close connection between the operations 
on directed numbers and the solution of equations described 
above. Subtraction really consists of solving the equation, 
m =s-+-d, for d. The problem merely involves the determination 
of the number to be added to s to obtain m. Therefore, only a 
knowledge of addition is needed in learning how to subtract 
signed numbers. For example, the problem, (—8)—(—2), can 
be stated as (—8) =(—2)+d. The answer will be the number, d, 
which must be added to —2 to give —8. Following Everett,® we 
take —2 as the starting number. The direction is negative since 
—8 is to the left of —2. The distance is6 units. Hence, —6 is the 
desired result. 

The inverseness of multiplication and division makes it pos- 
sible to divide once multiplication is known. For example, if 
(—3) (—2)=+6, then (+6)+(—2) = —3; if (+3) (—2)=—6, 
then (—6)+(—2)=+3. 

The relationship between multiplication and addition, Ar 3 
above, is helpful in gaining control of multiplication, provided 
the signs of the multiplier are given special meanings and pro- 
vided the commutative relationship in multiplication, Ar 6, is 
given full play. Again, following Everett, we note that (+3) 
(+2) can be interpreted to mean (+2)+(+2)+(+2) and 
(+3)(—2) to mean (—2)+(—2)+(-—2). Hence, (+3) (+2) = 
+6 and (+3)(—2) =—6. From Ar 6, then, (—2)(+3) = —6. If 
(+3)(—2) means (—2) added three times to zero, then (—3) 
(—2) signifies (—2) subtracted three times, i.e., 0—(—2)-— 
(—2)—(—2) or +6. 


OTHER MEANINGS 


Ar 4 seems of slight value in algebra. It seems to have its 
principal use in explaining why subtraction is used in “long di- 
vision” in arithmetic. Of course, the same idea applies in the 
division of polynomials by polynomials. Ar 2 seems to be better 
adapted to explaining algebraic division. 


® See (5) above, pp. 36-53. 
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Ar 5 has some value in explaining why terms can be rear- 
ranged for more convenient adding. 

Ar 7 is helpful in explaining the method of multiplying poly- 
nomials by a monomial, eg., (3X?+2X+4)5X*. Ar 8 shows 
why rearrangement is possible in the multiplication of mo- 
nomials, e.g., (3a7b) (4ab*) = (3 X 4) (a?a) (b8*). 

Before concluding, the “‘more than” and “‘less than”’ relation- 
ships used by Nunn and Everett should be mentioned. For 
example, instead of explaining 5X —(2X —10) by the usual rule 
for removal of parentheses, an explanation like the following is 
a thought-provoking one: “If 2X is aubtracted from 5X to give 
3X, too much has been taken away, since 2X —10 is 10 “less 
than” 2X. Hence, 10 must be added to the result. Hence, the 
correct result is 3X+10.” Instead of explaining, 6-(—2) by a 
rule of signs or by the inverse relationship between addition and 
subtraction, the reasoning could be thus: “6—0=6 but 2 too 
much has been taken away. Hence, add 2 to the 6 to give 8. 
Therefore, 6—(—2)=+8.’” 


CONCLUSION 


The writer realizes that much of this discussion is not new to 
many teachers and authors of good texts. Justification for pre- 
senting it is based on the hope that others involved in mathe- 
matical education may be stimulated to add to an algebraic 
“meaning” theory analogous to the “‘meaning’’ theory of arith- 
metic. 


* Nunn, T. P., The Teaching of Algebra, Longmans, Green and Co., 1927, p. 100 


SUPERSMALL STAR IS DISCOVERED 


Discovery of a supersmall star, only one-tenth of the mass of the sun, 
was reported to the American Astronomical Society by Dr. Harold L. 
Alden of the University of Virginia’s Leander McCormick Observatory. 

Extremely faint companion of a previously-known faint red star in the 
constellation of Cassiopeia, the new star discovery was made only because 
of its effect dynamically on the star system of which it is a minor member. 

The visible star to which the supersmall star is a satellite is itself revolv- 
ing around another star, taking between 250 and 300 years to do so. 

Astronomers believe that many faint objects like the supersmall star 
exist in space. Each is so small that it hardly shines with its own light. 
Most of them will never be discovered. Only one or two have been found 
before. 

The distance of the faint newly-found star from its companion is about 
five times the distance of the earth from the sun. 














APTITUDE AND ABILITY IN 
ELEMENTARY ALGEBRA 


HERSCHEL E. GRIME 
Cleveland Public Schools, Cleveland, Ohio 


The number of pupils enrolled in American high schools to- 
day constitutes a much larger proportion of that part of the 
total population which is of high school age than it did two or 
three decades ago. This means that the high school teacher of the 
present is confronted with a greater range of talent in his classes 
than ever before. Furthermore, this extension has taken place at 
the lower end of the scale of mental ability, since the addition is 
made up of pupils who formerly were not inclined to seek or able 
to secure a high school education. 

This increase in the range of ability of pupils entering high 
school has raised two significant problems for teachers of mathe- 
matics in the junior high school. The first problem concerns the 
development of courses in mathematics that are fitted to the 
needs and abilities of pupils with varying degrees of ability in 
mathematics. 

In an attempt to solve this problem, many junior high schools 
now offer the regular course in elementary algebra for pupils 
having the ability required to do successful work in this subject, 
and at the same time offer a course in general mathematics for 
pupils with limited mathematical ability. 

The second problem confronting teachers of mathematics, 
and the guidance counselors as well, in the junior high school, 
is that of advising and counseling pupils concerning the mathe- 
matics to be studied in the ninth grade. 

To meet this problem, teachers have been giving tests before 
the beginning of the course in an attempt to select those pupils 
who will be reasonably sure of succeeding in algebra. This kind 
of ‘‘predicting,” in use now about twenty years, has been the 
subject of a great deal of research. The measures that have been 
used to “predict’’ success in algebra may be divided into three 
main groups: 

(a) intelligence test scores 

(b) measures or opinion of achievement in arithmetic 

(c) algebra aptitude or prognosis tests 

One of the significant developments in the field of guidance 
is the construction and use of algebra aptitude tests. These 
tests furnish information by means of which the success or 
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failure of pupils may be anticipated with a comparatively high 
degree of accuracy. Until recent years the group test of mental 
ability has been most frequently used for this purpose. In some 
subjects these measures of general ability have proved to be 
very useful, but for some reason or other, ability in elementary 
algebra does not seem to be highly correlated with scores ob- 
tained from group intelligence tests. 

For a number of years some of the junior high schools of 
Cleveland have been experimenting with various types of alge- 
bra aptitude tests. Studies have been made of the relationship 
between success in elementary algebra and such measures of 
ability as the P. L. R.,* average marks of pupils in seventh and 
eighth grade mathematics and algebra aptitude tests. 

These studies clearly indicated that while the P. L. R. and 
average marks in seventh and eighth grade mathematics are of 
considerable value in predicting success in elementary algebra, 
scores on a good algebra aptitude test are of much more value 
than either. On the basis of evidence it was decided that a com- 
bination of the P. L. R. and scores on an Algebra Aptitude Test 
would be used in counseling pupils concerning the election of 
elementary algebra. 

Under this plan, the Iowa Algebra Aptitude Test was ad- 
ministered to all pupils in the 8A grade of the Cleveland public 
schools. The pupil’s score on this test was added to his P. L. R. 
and the result was designated the “Algebra Aptitude Index.” 
These indexes ranged from 70 to 250, approximately, with a 
median of 145. Pupils whose indexes were 162 and above were 
counseled and urged to study algebra. Those with indexes of 
128 and below were not enrolled in ninth grade algebra classes, 
with the exception of those pupils who, after conference with 
their parents, declined to follow the advice of counselors. 

Realizing that the Iowa Algebra Aptitude Test and our in- 
telligence tests may lack precision as measuring instruments, 
it was agreed that for the middle group, pupils with indexes 
ranging from 129 to 162, counselors must seek additional evi- 
dence such as previous success in school work. 

During the time in which this plan was in effect, two questions 
arose frequently concerning the use to be made of the test re- 
sults. These questions are: 

1. What degree of correlation exists between scores on the 


* The term P.L.R., meaning probable learning rate, is used in Cleveland to distinguish between the 
results of a group mental test and an I.Q., the result of an individual Binet examination. 
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Iowa Algebra Aptitude Test and success in elementary 
algebra? 

2. Should the P. L. R. be used along with the Algebra Apti- 
tude Test score or should the Algebra Aptitude Test score 
alone be used in advising pupils concerning the election of 
algebra? 

In an attempt to find the answers to these questions, a study 
was made of the achievement of the 2,615 pupils who completed 
the course in elementary algebra in June, 1944. Three tests were 
given to each pupil: the Iowa Algebra Aptitude Test in the 8A 
grade, and algebra achievement tests at the end of the first 
semester of algebra and at the end of the second semester. In 
the study of the results of the three tests, the following coeffi- 
cients of correlation were found:* 


Coefficient of 
Correlation 
Algebra Aptitude Test scores and achievement in first semester 
algebra .68 
P.L.R.’s and achievement in first semester algebra 54 
Algebra Aptitude Indexes and achievement in first semester 
algebra .68 
Algebra Aptitude Test scores and achievement in second 
semester algebra .69 
Algebra Aptitude Indexes and achievement in second semester 
algebra .70 


These results indicate that the coefficient of correlation be- 
tween scores on a good algebra aptitude test and scores on 
achievement tests in elementary algebra is usually high, being ap- 
proximately .70. Furthermore, the use of the P. L. R. in addition 
to the aptitude test does not materially increase the degree of 
correlation. For this reason, the Algebra Aptitude Index will 
no longer be used in advising Cleveland pupils concerning the 
election of elementary algebra. 

Under the plan now in effect, the lowa Algebra Aptitude Test 
is administered to all pupils in the 8A grade. The scores made 
on the test by Cleveland pupils range all the way from 1 to 97, 
105 being a perfect score, with a median of approximately 45. 
Pupils making scores of 55 and above are urged to take algebra; 
those making scores of 37 and under are not enrolled in algebra 
in the ninth grade with the exception of those who, after con- 
ference with their parents, decline to follow the advice of coun- 
selors. For counseling in the middle group, those with scores 


* Data from Bulletin No. 11, Bureau of Educational Research, Cleveland Public Schools, August 28, 
1944 
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from 38 to 55, counselors use additional evidence such as pre- 
vious success in mathematics. 

Through the use of algebra aptitude tests boys and girls in- 
capable of doing successful work in this subject are spared the 
waste of considerable time and energy and are led to direct 
their energies to mathematics courses adapted to their needs 
and abilities. 

Pupils with superior aptitude in mathematics, those to whom 
the next generation must look for its mathematicians, scientists, 
engineers, doctors, and the like are discovered early and are 
advised to enroll in the regular course in mathematics where 
they receive the type of instruction suited to their interests and 
abilities. 





THE QUIZ SECTION 


JuLttus SUMNER MILLER 
Dillard University, New Orleans, Louisiana 


1. Water is poured into a tumbler: Show that the center of gravity of 
the glass and the water is lowest when it is in the surface of the water. 

2. Some pitchers deliver a slow ball to hard home-run hitters in the be- 
lief that a home run cannot so easily be made on a slow ball as on a fast 
one. How about it? 

3. If a coin is pushed edge-on into a block of dry-ice and then let go it 
will execute an extremely rapid vibratory motion in a directional normal 
to its plane. Can you explain this? 

4. Think this one out first—then try it. Two identical coins lie on the table, 
their edges touching. If one coin is held fixed and the other rolled around 
it without slipping, in one revolution how many times will the second coin 
turn about an axis normal to its plane at its center? 

5. An hour-glass is placed on a platform balance at the beginning of its 
“run.”” What effect has the flow of sand on the balance reading during 
the time of flow? 

6. A wheel running along a level road throws mud from the rim. What is 
the greatest height reached by any particle of mud? 

7. Do falling raindrops warm or cool as they fall? 


NOTE TO READERS: The Editor of this QUIZ SECTION would be 
pleased to receive items and solutions. 





All successful colonization tends to create conditions which eventually 
render its continuation superfluous and impossible. This, indeed, is its 


aim, and in some measure its moral justification. 
E. F. Gautier Sahara, The Great Desert 














THE SCIENCE LECTURE IN THE HIGH 
SCHOOL ASSEMBLY—I. ATOMIC ENERGY 


HAROLD J. ABRAHAMS 
Central High School, Philadelphia, Pennsylvania 


Among all of the subjects of the high school curriculum, the 
sciences lend themselves least easily to treatment in an assembly 
program. Music and art can be used as ready bases for enter- 
tainment and instruction. Various forms of dramatic art have 
long been used successfully by departments of English. Pag- 
eants, quiz programs and other means have been used by de- 
partments of social studies. Science, however presents obstacles. 
These may be 1. the very nature of this dicipline—it is difficult 
to present verbally to a large audience while holding its active 
interest, 2. any illustrative matter must be very large in size, 
so as to be visible, 3. much of its language and many of its con- 
cepts are esoteric. For these reasons science departments often 
find themselves hard-pressed indeed, when invited to give an 
assembly program. 

This article offers a lecture (with illustrations), carefully 
worked out both as to wording and pictures. An attempt has 
been made to keep the development clear and logical and the 
visual aids appropriate. Cut from these pages and mounted on 
heavy cardboard, the pictures may be used in the “opaque pro- 
jector,” to lend a clarity which would not otherwise result from 
the discussion alone. When this lecture was given before an 
assembly of 1,000 boys, the author used these illustrations in 
the form of glass slides. The lecture follows. 


NUCLEAR FISSION AND ATOMIC ENERGY 


The written history of transmutation of the elements began 
in Medieval Europe at about the time of Roger Bacon, in the 
days of the alchemists. These were the centuries when men 
sought to convert lead into gold by all sorts of ‘‘hocus pocus”’ 
and the benefit of the philosopher’s stone, which was neither a 
stone nor the tool of a philosopher. 

For centuries men endeavored to convert one element into 
another, a process called transmutation, but try as they might, 
they failed. Then Robert Boyle, in 1661, gave the scientific 
world the definition of an element, and, in so doing, seemed to 
have sounded the death-knell to the alchemists’ dream of trans- 
mutation. However, in Paris, in 1896, weird discoveries came to 
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light. Henri Becquerel knew that compounds of uranium were 
excited to fluorescence when exposed to sunlight. By experimen- 
tation he found that these compounds gave off a penetrating 
ray which had the power to discolor a photographic plate. One 
day, while he was experimenting, rain began to fall and it grew 
dark, obliging him to stop his work. He covered his uranium 
salts with black paper and placed them, with the photographic 
plate, on a shelf in a cabinet. After a few days the plates were 
taken out and developed without any furthur exposure to sun- 
treated uranium. Becquerel found, to the amazement of the sci- 
entific world, that the uranium salts had taken their own 
photographs, without first being exposed to the sun. Thus this 
French scientist discovered, by pure accident, that uranium salts 
give off rays similar to X-rays. From this point on, the study of 
the atom became as exciting as any drama on the stage, and the 
next gallant actress is Madame Curie. She discovered that tho- 
rium compounds also emit similar rays, and proposed the name 
“radioactivity” for this property. (Later she also isolated two 
new elements, Polonium and Radium.) One by one the actors 
played their parts, introducing the audience of the world to 
three fundamental types of particles which make up the atoms of 
all elements: 

1. J. J. Thomson discovered the electron about 1897. 

2. Ernest Rutherford first described the proton about 1911. 

3. Irene Curie noticed and James Chadwick explained the neu- 
tron about 1932. 

The electron is a negative particle of electricity, the proton is 
a positive particle of electricity and the neutron, being made of 
one electron and one proton, is, of course, electrically neutral. 

Let us now look at some diagrams of atoms. The only differ- 
ence between elements is that the atom of each element has its 
own number of electrons, protons and neutrons. 

Diagram 1 (Plate 1) shows us that the protons and neutrons 
are all located in the nucleus of an atom and the electrons are 
located in the outer orbit, spinning around the nucleus, like planets 
around the sun. Note the extreme lightness of the electron 
(1/1850 that of the proton). 

Diagram 2 shows us the simplest atom, that of hydrogen. 
Note the term “atomic number.’’ This means the number of 
electrons, all outside the nucleus, rotating around the latter. 

We pass to diagram 3, a representation of a helium atom. The 
nucleus contains two protons and two neutrons, while two elec- 

















ATOMIC ENERGY 787 




















1A RTS 2 SIMPLEST ATOM 3 TYPICAL ATOM 
?- ~ 
/>) PROTON, Moss +t a! ™ bas ene er ST 
nm J Electrical charges +/ / \ a y a 
_ ) NEUTRON, Monet / _— f \Yeo Protone 
a OM or IE my 
; | Grange +1 ' | Charge +2 
in Outer e ELECTRON Moss-0* a , . jie 
' ~ Electr chorge- - 4 
Orbs 1a! chorges -! ‘..__ _ -“HNORBeEN cone jane 
* actualy aks Of Proton wegnt Atom wanght-| Atom mumber=i oom se4 ftom 2 
4 ATOM SIZE 5 ELECTRON ENERGY 6 NUCLEAR ENERGY 
ELECTRON gr motion 
f "y ELECTRONS et ys 
ae {i \ Vip ane NUCLEUS 
~—y if ° +t tagh speed S\.4- Banding energy resets 
spoce \; + frwt hove only separation of protons 
\ J [epee ens; and neutrons 
ee in | ® of hehum nucieor energy + 
—_— @eciricty enough to run o 10O-wott 
if the nmuclevs were ¢ boseboli, the bu (5000000 years 





electron would be o speck 2D00ft ausy Energy values ore retctvely small 














PLATE 1 


























IO ENERGY RELEASED "400000 stowort-nows per pound of U-235 
When rucieus of U-235 ctom @ Nt by neutron bullet EINSTEINS LAW: 


4 exptodes fo form hghter atoms and spare neutrans : r 
whose combmed moss @ less than moss of U-235 One pound of anytrang + |!,400,000,000 tute 


Lost moss @ transformed fo energy-see Einsten's Low ———e} mass oy 
wren o converts to or 
erergy moss 


ONE WAY U-235 SPUTS 
U-235 NUCLEUS Cj Rorieng the tom to WEIS ete 
wen Expioson products of one pound of U-235 
NEV weg 09990 © so O00! & of the moss 
© NEUTRON 2 comerted into 000! 1 |!,400,000,000 « 


BULLET “SPARE PARTS" 1,400,000 tulowatt -hours of energy 




















L $00,000 jee-be of emerges oer Jb of U-255 





PLATE 2 





HOW PLUTONIUM IS MADE FROM URANIUM ? Nevtron bullet 


3 ~ 
ve tam Po Ail 5) 92 
1 )—-/ > are. 63% )ue3e meine 
Rods of natural wonum | = — 
Sealed © olumemum cons 
we mserted = pies of 
arbon or other moteral 
hot slows fost nevirons | 











NZ 
7 
Nevtron source to stort acton 
(see comments betow) 


Metal or salt of plutonum Ca 


Metal of solt of uronuwm a 


PLATE 3 




















788 SCHOOL SCIENCE AND MATHEMATICS 


trons are also present, outside. This gives it the atomic number 

of two. 

Two things are important to remember: 

1. that each atom is in a perfect state of electrical balance—.e., 
hydrogen has one positive and one negative electric charge, 
helium has two of each—and so on. 

2. that the dream of the alchemist was not so idle at that—since 
all elements are made of the same raw materials, it should be 
possible to convert or transmute one element (such as lead) 
into another (gold). All that would be needed is a knowledge 
of how many electrons, protons and neutrons are present in 
gold and how to alter those in lead so as to become the correct 
design for gold. 

Diagram 4 shows us that an atom is mostly empty space, so 
that any attempt to strike at the nucleus of an atom is pretty 
certain to fail, the bullet missing the small target. 

When a chemical reaction takes place, the only thing that has 
happened is that there has been a transfer of electrons. Nothing 
happens to the nucleus. The energy given off comes from the al- 
most weightless electrons. I don’t need to tell you that a feather 
and a rock thrown at a glass window would have different re- 
sults, and electrons, because they are light, can be compared to 
feathers. 

Diagram 5 shows that littie of the energy possessed by the 
atom is used by man. The electron has an almost inconsequential 
mass and therefore relatively small energy. Yet until the atom 
bomb, this was the only energy from an atom that we used. I 
mean by this that every chemical reaction used in industry, in 
our homes, and in our bodies, comes from electrons only. 

Diagram 6 shows us the immense amount of energy we could 
obtain from atoms if we could make the nucleus, not the elec- 
trons, give up its energy. This can only be done by direct hits 
on the nucleus, to break the -bonds which hold protons and 
neutrons together. In diagram 4 we saw how difficult this would 
be, due to the smallness of the nucleus. Legend 6 shows that in 
the nuclei of 1 lb. of Helium (He), there is energy enough to 
make electricity to run a 100 watt bulb for 13,000,000 years (if 
you could get it!). 

The next slide shows the energy you can get from the nucleus. 

Diagram 7 (Plate 2) shows a radium nucleus and the 3 kinds 
of radiations which it gives off—the radiations which so in- 
trigued Becquerel and Curie. One of these radiations is called 
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alpha particles. These are helium atoms from which the two 
outer electrons are missing. The second kind of radiation is 
called beta particles. These are nothing more than electrons, and 
are the chief particles which caused Becquerel’s photographic 
plate to become fogged. The third kind of radiation is called 
gamma rays. These rays are similar to, but more penetrating 
than, X-rays. Alpha and beta particles are matter, while gamma 
rays are a form of energy. 

Diagram 8, is that of uranium 238, the heaviest atom found 
in nature. It has 146 neutrons and 92 protons in its nucleus and 
92 electrons on the outside. The 92 electrons give this atom an 
atomic number of 92. The words “basic source of atomic 
energy,” are written up there because from uranium 238 can be 
made a very highly active element, plutonium. 

Diagram 9 explains the term “‘isotope.’’ An element behaves 
chemically as it does because of the number of electrons outside 
the nucleus. The size of the nucleus has nothing to do with the 
chemical properties of the element. Hence from the standpoint 
of the nucleus we may have several varieties of the same element. 
For example, an atom of the kind of uranium known as U-238 
contains 146 neutrons and 92 protons, a total of 238 units, hence 
the name U-238. (It also has 92 electrons to match the 92 pro- 
tons, but we do not add these into the weight, since we found 
them to be practically weightless in diagram 1.) Suppose we 
remove 3 neutrons from the nucleus of U-238. The element re- 
mains uranium because it still has 92 electrons outside and 92 
protons inside the nucleus—(in other words, the atomic number 
remains the same, therefore the element remains the same.) Like- 
wise, we may remove 4 neutrons and have U-234. Atoms which 
have the same atomic number, but differing atomic weights (that 
is, differing nuclet) are called isotopes of an element. Note that 
a piece of uranium is 99.3% U-238, 0.7% U-235 and practically 
0% U-234. 

Now it is the U-235 which is needed for direct atomic energy 
release, and unfortunately it makes up less than 1% of the 
weight of a piece of uranium metal. Worse than the small per- 
centage is the great difficulty with which it is separated from 
U-238. 

Diagram 10 explains the release of energy from the nucleus of 
an atom of U-235. Neutrons of several speeds are known. Those 
travelling at about 7,500 miles per second are called “slow neu- 
trons.’’ When one of these strikes the nucleus of a U-235 atom, 
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the atom splits or undergoes ‘‘fission” and forms two lighter 
atoms, those of barium and krypton, among others. This is trans- 
mutation! Some ‘‘spare parts’ in the form of the extra neutrons 
no longer needed, are also released, since the combined weights 
of barium and krypton are less than a total of 235—(137 for 
barium plus 84 for krypton, making 221, to be exact). There is a 
difference of 14 units between the mass of the U-235 nucleus and 
the combined masses of the barium and krypton nuclei. Some 
of these 14 units are accounted for by the loose neutrons. The 
rest are converted into energy at the rate of /1,400,000,000 
kilowatt-hours, per pound of U-235. Note the right hand side of 
this slide, which reads that according to Einstein’s Law, one 
pound of anything equals 11,400,000,000 kilowatt-hours, when 
mass is converted into energy or energy is converted to mass. 
Since 1 lb. of U-235 produces 0.999 lbs. of matter after explosion, 
only 0.001 lb. has been converted into energy, and we have 
therefore obtained 1/1000 of 11 billion, 4 hundred million 
kilowatt-hours or 11,400,000 kw. hr. of energy. Thus to date we 
know how to get only 1/1000 of the energy in the nucleus. This 
ts what they mean when they say that the Hiroshima bomb was only 
in the “horse and buggy’’ stage. 

We must mention here the names of two great scientists, a 
gallant lady by the name of Lise Meitner, who was a pioneer in 
studying the relationships between U-235 and its decomposition 
products, with resultant release of energy, and also the great 
Albert Einstein, who showed us the relationship between mass 
and energy. 

Now these loose neutrons of which we spoke a moment ago 
travel ahead in the direction of other U-235 atoms and can cause 
these to split also. 

One neutron from among those given off by a splitting atom 
strikes the nucleus of a neighboring atom causing it also to split, 
and give off more neutrons, so that the process is self-perpetu- 
ating. This series of self-sustaining explosions is known as a 
“chain-reaction.”’ 

At the present moment we have not one, but two kinds of 
atoms which we can make give up useful energy. These are 

’-235, and an artificially prepared atom called Plutonium, with 
an atomic number of 94. Let us learn how Plutonium may be 
made. 

The process which you see diagrammed in the next slide, 
(Plate 3) is carried out in a plant built along the Columbia River 
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at Hanford, Wash. The production unit is known as a “uranium 
pile.” It is made of a block of very pure graphite, with holes for 
the admission of aluminum cans, containing cylinders of ura- 
nium metal. The aluminum cans protect the uranium from the 
action of the water which circulates through the pile, in order to 
cool it. During the War, so much heat was given off by the Han- 
ford pile that the temperature of the Columbia River, into which 
this cooling water was finally returned, rose several degrees. 

This block of graphite is to slow up the neutrons, so they 
won’t fly right past the nucleus of the atom which we wish to 
bombard. To start the process, nothing has to be “turned on.” 
It starts itself, since there are always enough stray neutrons or 
cosmic rays to start the so-called chain-reaction referred to a 
few moments ago. Once this chain-reaction is started it must not 
be allowed to get out of control. 

Suppose the process to have started. A quantity of U-235 
atoms have been struck by stray neutrons or cosmic rays from 
the air. These U-235 atoms split into barium and krypton atoms, 
and many fast-moving neutrons are also released. 

Some of these neutrons escape. Others are captured by the 
U-238 nuclei, which, you remember, make up 99.3% of the 
metal rod. Still other neutrons must strike more U-235 nuclei 
and make them give up more neutrons, otherwise the flow of 
neutrons would stop. If the process starts to run too rapidly, 
bars of the metal cadmium are slipped into position, and the 
process is thus slowed up. 

The right side of the slide shows us what happens. One neu- 
tron from an atom of U-235 strikes a nucleus of U-238, and adds 
on to it, forming an atom of U-239 (146 neutrons, plus one, or 
147 neutrons). This is an isotope of uranium, because the atomic 
number is still 92. However, this isotope, U-239, does not exist 
for long. Instead, two of its neutrons split into their component 
parts, namely, two electrons and two protons. The protons re- 
main in the nucleus, and the electrons move outside, with the 
other 92, making a total of 94. This is a new element, because its 
atomic number (94) is no longer that of uranium (which is 92). 
It is called Plutonium. Its atomic weight, however, is still 239, 
the same as that of U-239, because only a rearrangement, not an 
addition or a subtraction has taken place. 

Note the central section of this slide. The pile gives off heat 
and radioactive rays, and finally produces uranium, mixed with 
plutonium. 
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PLATE 5 
The five plates reproduced, by permission from ‘The Atom, New Source 
of Energy,” Copyrighted 1945 by McGraw-Hill Publishing Co., Inc. 
The photographs were taken by Mr. Joseph Poppel of the staff of the 
Jefferson Medical College of Philadelphia 
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It will be remembered that a pound of U-235 gives about 
11,400,000 kilowatt-hours. Energy first appears in the form of 
high speed particles being thrown off. Collisions slow these 
down, and the energy then appears as heat, which may be ob- 
tained from the pile in the form of hot water or steam. Jt is in 
this form that atomic energy could serve us as a source of power, or, 
if the steam were used to operate an electrical generator, electricity 
could be produced on a practical scale. 

Since it was the atomic bomb which dramatized the principles 
of atomic structure and atomic energy, let us give a few mo- 
ments to the requirements for an atomic explosion. 

1. The bomb contained from 2 to 200 lbs. of U-235, or plu- 
tonium, or both. 

2. Slow neutrons will not produce a satisfactory explosion, 
and the piece of U-235 must be so large that few neutrons will 
escape without hitting the nuclei of other atoms. 

3. There is small choice in the size of a bomb. There is a 
critical weight, which, if exceeded, will be dangerous, because 
the bomb will explode instantly. If, on the other hand, the 
charge is too small, it won’t go off at all. 

4. The critical weight or mass (as it is called) must be created 
at the moment it is desired to explode the bomb.—This is proba- 
bly done by separating the explosive charge of Plutonium into 
several pieces, each smaller than the critical mass, and bringing 
them together inside the bomb at the desired moment. The 
process is shown in the next slide, at the left (Plate 4). Below 
we see a “chain-reaction.” 

A balanced chain reaction will continue as long as one split- 
ting atom gives off even one neutron which succeeds in splitting 
another atom. Thus one atom causes another to split, until all 
are consumed. The chain-reaction causes the explosion. 

In discussing the subject of atomic energy there is a tendency 
to overemphasize its war-time uses. It may very well turn out 
that the peace-ttme uses will become so tremendous as to dwarf 
the historic importance of the atomic bomb. 


PEACE TIME APPLICATIONS 


The next slide shows us how atomic energy might be applied 
in practice (Plate 5). 

In 1 cold water is passed through a uranium pile. The resulting 
hot water is used either in an industrial process or for heating a 
home. 
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2 suggests making steam for the uses just mentioned or for 
driving a turbine for generating electrical or mechanical power. 

In 3 the heat is applied to air rather than water. 

In 4 we see a uranium pile which heats some fluid to 1200°F. 
The heat thus radiated to the compressed air makes possible the 
operation of a gas turbine. This arrangement might be made 
practical for powering a large airplane, if the U-235 were con- 
centrated and the shields which were used to protect against 
radiation were kept light in weight. 

Rockets could be driven by the heat obtained from nuclear 
fission. 

It would seem that our present-day engines and turbines 
would not have to be redesigned to take advantage of atomic 
energy. There appears to be definite hope that with the reduc- 
tion in the price of purified U-235, atomic energy might some 
day compete with coal and other fuels, in their various applica- 
tions. For example—all other things being equal, if U-235 cost 
$18,000 per pound, it could compete with coal at $12.00 per ton. 
Thus it would seem that the use of atomic energy would be 
economically practicable. One must however remember that fuel 
costs amount only to about $ of the selling price of electricity, 
because the major cost is in the installation and maintenance of 
the system of wires and the cost of doing business. For this 
reason, even if atomic energy were used to generate electricity, 
prices would not drop very much because the cost of the trans- 
mission system would remain the same. It is now up to the 
engineer, rather than the scientist, to make atomic energy prac- 
tical, for bear in mind that we must also allow for (a) the inef- 
ficiency of large uranium piles, (b) danger of explosions, (c) the 
need of protection of people against radiation, and so on. The 
scientist has already contributed his share by his fundamental 
discoveries. 

Atomic energy may also be applied to fields other than mak- 
ing power for machines: for example the transmutation of 
cheaper into more expensive chemical elements, and the use of 
radioactivity in medicine and in industry. 

In conclusion I should like you to think of some of America’s 
outstanding atomic scientists: Oppenheimer, Teller, Urey, 
Fermi, Groves, Lawrence, Allison, Bainbridge. The blood of 
many nations flowed through their ancestors’ veins. No one 
inquired as to the color of their skins, the religions to which they 
subscribed or the languages spoken by their parents. No one 
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placed a quota on how many of this faith or that would be 
accepted for atomic investigation. It was sufficient that they 
were willing to serve science. 


* ** * * 


The lecture (duration abaut 25 minutes) was delivered re- 
cently in our junior-senior assembly. It would seem to be suited 
also to the needs of adults of non-scientific background and 
could be used by science teachers who might be called upon by 
community organizations for such a service. No amount of 
repetition of this all-absorbing phenomenon of our times can be 
excessive and everyone interested in education at any level 
should give attention to making the facts of atomic energy as 
widely understood as possible. 





RIDER MANUALS WILL APPEAR THREE TIMES 
EACH YEAR 


The “Perpetual Troubleshooter’s Manuals,” published by John F. Rider, 
Publisher, Inc., 404 Fourth Avenue, New York 16, N.Y., will appear three 
times each year, starting with Volume XVI which is scheduled for delivery 
in October. 

The Rider Manuals, which have been appearing annually, reached 2,000 
pages with Volume XV in 1946. In addition, this volume carried with it a 
181-page ‘“How It Works” book that explained the theory behind many 
postwar technical features. 

The new policy of three Rider Manuals yearly will bring the Volume 
XVI to radio servicemen in the regular format and blue post-binder. It 
will contain approximately 704 pages and will also have the companion 
“How it Works” book. Volume XVI will sell for $6.60. 

The “Clarified Schematics” will be carried on in Volume XVI. “‘Clarified 
Schematics” break down multi-wave band jobs to show what parts are 
in and out of operation for each possible position of the band switch. They 
tell immediately, without tracing an original schematic, just which com- 
ponents are in operation under each condition. 





NEW GLYCOL ALCOHOL HAS UNUSUAL PROPERTIES 


Useful as a dirt remover, a new glycol alcohol, announced today, has a 
combination of properties not found in other such chemicals. It is expected 
to have wide usage in soaps and what are known as cleaning detergents, 
and also in oils, greases, and lubricating preparations. 

One type of glycol is well-known. It is used in anti-freeze mixtures in 
automobile radiators. This is ethylene glycol. The new type, developed by 
Celanese Chemical Corporation, is methyl-pentanediol. It has a higher 
boiling point, 215 degrees Centigrade. It has unusual solubility for a wide 
range of resins, and mixes well with common solvents. It has limited 
solubility in water. 











DO YOU PLAN CHANGES IN YOUR 
SCIENCE CURRICULUM? 


SHAILER PETERSON* 
American Dental Association, Chicago, Illinois 
® 


The purpose of this paper is to present some of the problems 
that should be considered whenever a school examines its science 
offerings with a view toward modifying them. It will be descrip- 
tive and will not attempt to evaluate any of the proposals or 
trends mentioned. More specifically, the latter part of this paper 
will describe some of the changes that were tried at the Univer- 
sity of Minnesota High School and indicate some of the reasons 
that these experiments were conducted. 

One function of most high schools associated with universities 
and colleges and Schools of Education is that of experimenta- 
tion so it is easy to understand that many enjoy a certain free- 
dom and privilege to weigh the advantages of various methods 
of instruction and organization of materials, select the one or 
ones apparently most suitable and put them into execution. If 
only schools of the university high school type could engage in 
experimentation and if all other schools had to await final 
decrees and action of their state departments, there would be 
little use for articles of this kind. As a matter of fact, there are a 
great many schools in which the staff is actively engaged in 
deciding policies and choosing the means by which they can best 
serve their own pupils. The various state departments readily 
consider the individual demands and needs of a school and the 
advisability of all progressive schools to participate in curricu- 
lar research. Each year, the state departments formally sanction 
the inclusion of newly outlined courses and in many instances 
allow these new courses to be substituted for others previously 
required. 

Some of the first questions that must be considered by the 
school contemplating changes concern the old program while 
others deal with the proposed aims and functions. Some of these 
are listed below: 


1. In what way does the old program fail to meet the needs 
and responsibilities? 
* At present holding rank on the faculty of the University of Chicago while Director of Educational 


Measurements for the American Dental Association. Was instructor of Science Methods, College of 
Education, and Head of the Science Dept., University of Minnesota High School from 1936-1942. 
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a. If there are criticisms, which ones originate from the 
pupils, parent, teachers, administration, other schools, 
schools of higher education, or state department? 

What new goals, objectives, and aims are desired? 

a. Do these necessitate an alteration in school policy or 
philosophy? 

b. Do these affect the whole school curriculum or only that 
of the science department? 

c. Do the changes affect content, methods of teaching, 
emphasis, or application? 

Do all of the interested parties fully understand what the 

curricular changes may necessitate and bring with them? 

Many of these may be classified under the following head- 

ings and sub-headings. 

a. Administrative problems: 

(1) Changes in class schedules 

2) Changes in staff (possible increase) 

(3) Greatly increased mineographing costs for few 
suitable texts and outlines are available in new 
areas. Moreover, all could use supplementary out- 
lines and materials to advantage. 

(4) Problems in scheduling the pupils who transfer 
from other schools and a consideration of your 
students if they must transfer. 

Problems in evaluating and comparing the work of 

other schools and that of your own in terms of “new 

standards.”’ 

(6) The long term program that is required in any 
curricular research. 

(7) The teaching that will be done during first years of 
the program’s trial is bound to be inferior to that 

normally done. 
(8) Criticisms of the program will come from all sources. 

b. Teacher problems: 

(1) More difficult to teach the new courses well than the 

traditional ones. 

(2) Heavier loads and more teaching preparations are 
inevitable. 

(3) New tests will have to be constructed and stand- 
ardized for few are available that are easily adapted 
to new programs. 

(4) More pupil problems will result. 


un 
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(5) Homogeneous grouping of pupils cannot be realized 
during early stages of experiment. 

(6) Gains and evidence of improvement will not be 
demonstrated on “state boards’ or material ex- 
aminations for these do not adequately evaluate 
new courses. 

(7) Wide range of subject matter may necessitate ad- 
ditional summer school study 

(8) Parents or students not apt to be highly enthusi- 
astic about new courses at first. 

c. Pupil problems: 

(1) Sequence of courses may be disturbed during 
changes, i.e. students already in old program can- 
not easily shift to new program. 

(2) Facts and units of instruction are likely to appear 

. alternately too easy or too difficult. 

(3) Poor study habits may develop because lecture is 
likely to be used excessively during the beginning 
of changes. 

(4) A great deal of difficulty and embarrassment may 

be experienced when transferring to another school. 

(5) Difficulty in reviewing for examinations when there 
are no adequate textbooks. 


This list of problems may only tend to discourage anyone who 
is contemplating a change in curriculum. It may even seem 
strange that any schools sanction certain curricular changes in 
view of all of these apparent disadvantages. However, there 
are many schools in which changes are needed and in which 
the gains far outweigh the possible disadvantages. In addition, 
many of these possible disadvantages may never become serious 
if they have been anticipated and account taken of them. The 
reason that so much space is consumed with this list of problems 
is that many teachers and school administrators have the mis- 
taken notion that curricular revision is simple and easy to ac- 
complish and that it is the easiest way of broadcasting that the 
school and its faculty are progressive. 

It should be remembered that in many cases complete re- 
visions are not only unnecessary but also quite undesirable. 
Needed changes can often be brought about within the already 
existing classes and curriculum. Moreover, sometimes the same 
textbooks may be used as the basic reference or at least as one 
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of the coordinating reading references. Even in those cases in 
which rather complex revisions seem to be needed, it is often 
advisable to try out some of the proposed new units of instruc- 
tion in the existing classes rather than make all of the changes 
at once. In a long term program, it is often necessary to make a 
decision as to which courses are to be introduced first and which 
ones are to be left in the process of preparation and trial. 

Many secondary schools like the University of Minnesota 
High School have at one time or another had a conventional 
science offering. A conventional sequence however, should not 
be mistaken as necessarily “‘traditional.’’ The offerings within 
each of the various courses of biology and chemistry may be 
specially designed for the needs of the school and its pupils. 
Just as no two homes are alike, no two chemistry classes in the 
same school are alike and certainly, no one would say that all 
the chemistry classes in a state presented the same methods and 
the same features. 

Diagrams usually help one to understand better the differ- 
ences as well as the similarities between several methods of in- 
struction. The figures shown here represent some of the basic 
groupings of science courses and some less conventional plans 
of curriculum organization. 

Figure 1 shows the rather conventional offerings of most 
schools. Figure 2 differs from the first figure because there are 
two kinds of classes in each of the fields, biology, chemistry, 
and physics. The student planning a college career takes the 
college preparatory courses while the student who does not plan 
to attend college takes the so-called “practical” courses. 

Figure 3 illustrates an innovation in the two kinds of courses 
by substituting short half-year courses. Still another method of 
offering science courses for those who do intend to go to college 
is indicated in Figure 4. In this figure, a somewhat advanced 
general science going under the label of Consumer Science or 
Senior Science is offered in addition to the conventional biology, 
chemistry, and physics. 

Figure 5 includes the course called the Fusion of Physics and 
Chemistry which was developed by the author while at the 
University of Minnesota. This differs from the appendage 
courses indicated in Figures 2, 3, and 4 because 1/ it includes 
only physics and chemistry; 2/ in terms of course content, it 
includes about 2/3 of the material generally taught in chemistry 
and nearly 2/3 of the material taught in physics, 3/ it is useful 
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for students planning on college as well as for those who will 
never take more science. 

Figure 6 shows a plan developed as a result of the installation 
of the Fusion course into the curriculum. The demand for the 
Fusion course left no students for the conventional courses after 
the first year. The advanced courses or “‘problem”’ courses were 
developed to give the students an opportunity to build upon 
the knowledge and understanding earned in the Fused physical 
science course as well as in the conventional biology course. 
It is possible that some schools in using this plan might want to 
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retain the conventional courses in chemistry and physics. This 
would be possible and at the outset of the Minnesota experiment 
with the fused course, this was anticipated. It was only after the 
experiment proved the practicality of teaching all basic chem- 
istry and physics in one year that the conventional courses were 
discontinued with the knowledge that their main function was 
being served. Moreover, the advanced or problems courses gave 
opportunity for presenting those few advanced and technical 
problems that could not easily be included in the one year 
integrated course. 

This exposition on possible changes in the secondary school 
science curriculum has assumed the more or less traditional 
junior high school science education. Some thought was given 
to the inclusion of a Fused Course in the Biological Sciences. 
This would seem to be practical but it might be desirable to 
make certain modifications in the usual seventh, eighth, or ninth 
grade courses in order to reduce certain repetition and duplica- 
tion of materials. 

The development of a new science curriculum can present 
many puzzling and sometimes insurmountable problems. 
Enough problems of a surprise nature arise so that it is certainly 
wise to be forewarned about as many as possible. The fact that 
a program works well in the hands of one staff does not guarantee 
that it can be transplanted to another institution or that the 
staff during later years will find it teachable. A program’s 
success in one place is evidence that it can be made to work. 
As in the case of the Fused course program, some programs will 
exceed even the expectations of the originators. This may result 
in certain courses having to be deleted and additional or new 
ones developed. 


MANY “CORAL” BEACHES FORMED BY LIME FROM 
DEAD SEAWEED 


The gleaming, snow-white sand on thousands of tropical “coral” beaches 
is not made of ground-up coral at all but of tiny flakes of limy substance 
formed in the flat, leaflike branches of a green seaweed or alga, declare 
Drs. J. van Overbeek and Raymond E. Crist of the University of Puerto 
Rico. 

This seaweed, known to botanists as Halimeda opuntia, forms great 
green sods on the shallow bottom just off shore. Pieces of it are constantly 
being wrenched loose by wave and current action. Cast ashore, they die 
and lose their green outer coating, leaving only the limy skeletons as flat 
flakes. Anyone who knows the plant in life can identify a beach that it 
has made by the shape of the flake-like limestone sand, state the two 
scientists. 








GEOMETRIC ILLUSTRATIONS IN 
TEACHING ALGEBRA 


V. C. O'LEARY 
Jefferson High School, LaFayette, Indiana 


Much of the difficulty that students experience in the study 
of algebra is caused by their failure to understand the basic 
mathematical concepts. We can help our students acquire this 
understanding by use of geometric illustrations, that is, using 
intuitive geometry to illustrate algebra. These aids should be 
used in the early stages of multiplication, division, simple ex- 
pansions, factoring, and at any other time that the teacher feels 
that they might increase interest and understanding. Let us 
consider a few illustrations: 

What is ab? See figure 1. The product ab can be made more 
meaningful if it is thought of as the area of the rectangle whose 
sides are a and b. 

What is 5(3a+2)? See figure 2. Pupils with previous training 
in adding line segments will have no difficulty in representing 
3a+2, and after completing the rectangle with an altitude of 
5 units find the 15a and 10 as the areas of the separate rec- 
tangles. If enough of this work is done in the beginning when 
multiplying binomials or trinomials by monomials, students 
rarely make the mistake of not multiplying each term by the 
common factors because they have a picture as a background. 

What is (a+b)(c+d)? See figure 3. Here not only the base 
but also the altitude of the rectangle consists of the sum of two 
segments. The result will contain four terms ac, ad, bc, and bd. 
Each term represents the area of one of the four small rec- 
tangles which are contained in the large one. 

What is (a+2)(a—3)? See figure 4. Draw a square with side 
a. Extend the base two units—from C to E. This gives a+2. 
Draw GK three units from AB. Extend K to F. The area of the 
rectangle DF is equal to (a+2)(a—3). 


DF =DK+CF DF=AC—MK—AN 
CF=BN ”.(a+2)(a—3) =a*—a—6 
DF=DK+BN 


What is (a+0)?? See figure 5. (a+b)? does not equal a?+0? as 
many students seem to think. If the geometric illustration is 
presented with the lesson on expansion, the 2ab takes on sig- 
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nificant meaning and is not so readily forgotten in future prob- 


lems. 
What is (a —2)(a—3)? See figure 6. Draw a square with side a. 
Draw GE two units from BC. This gives a—2. Draw HJ three 
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units from DC and we have a—3. The area of the rectangle AF 
is (a—2)(a—3). 


AC=a’ HC+GC—FC=5a—6 
HC =3a AF =AC—(HC+GC— FC) 


GC =2a (a—2)(a—3) =a*?—5a+6 
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What is (2a+5b)(a+36)? See figure 7. The result is obvious. 
Considerable enthusiasm is aroused as the students count the 
eleven rectangles with areas ab, and the fifteen squares with 
areas of 6’. Thus the abstract numbers become reality. 

What is (a+b+c)?? See figure 8. The area of the square whose 
sides are the sum of the segments a, 6, and ¢ is a?+b?+c?+2ab 
+2ac+2bc. 

What are the factors of a?—b?? See figure 10. Draw square 
with side a. In one corner cut out square with side 0. A diagonal 
cut of the remaining pieces results in two equal trapezoids which 
may be rearranged to give rectangle with sides a+6 and a—b. 
See figure 9. 
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What are the factors of 3a+3b+3c? See figure 11. Every 
polynomial represents the area of a rectangle which can be di- 
vided into as many small rectangles as there are terms in the 
polynomial. Hence 3a+3b+3c can be divided into three rec- 
tangles whose areas are 3a, 3b, and 3c; and whose common alti- 
tude is 3. The base of the original rectangle is the sum of the 
bases of the three small ones. Hence, the base is a+)+c; and 
the area is 3(a+b-+c). Thus the simplest case of factoring has 
been shown to the student without a formal rule. 

It should be remembered that all of these illustrations can be 
drawn, cut out of paper, and pieced together by the pupils; and 
thus the experience made more realistic. 




















ALERT: FOOD! 


GRACE E. BARSTOW MuRPHY 
311 East 72nd Street, New York, N.Y. 


It is essential for humanity’s survival that we all become alive 
to the subject of Conservation in its relation to Food. The larg- 
est physical misery in the world today results from lack of 
food. Though food shortage was aggravated by the war, it is 
not due alone to the war. Soil has long been misused all over the 
earth. The war only made a bad siutation worse. 

Our minds are led to the situation when we hear the call to 
help feed the world, but we are not led to the roots of the trouble, 
the long-term causes of land deterioration. 

Mankind can be made conscious of any important subject. 
In the past few decades, emphasis on health has won world- 
wide recognition. Even in faraway places there are modern hos- 
pitals, knowledge of the need of good water to drink, mosquito 
control, and many other advances resulting from health re- 
search and education. The doctors and biologists of the Rocke- 
feller Institute are known in the most remote jungles and vil- 
lages. People are interested. 

But what use health if there is no food to support it? 

India and China wrecked their soil long ago. Erosion, or 
waste of good soil, runs riot all over South and Central America. 
In Guatemala, our near neighbor, a population of two million 
is heading toward starvation. In large parts of Mexico the land 
is in frightful condition. In the United States, where some of the 
best work is being done, we are literally “losing ground” every 
year. 

Most people hardly know the language of conservation. It is 
essential that everyone not only learn it but also acknowledge 
that its needs command the same urgent attention as hospitals, 
medical care, and the ordinary rules of hygiene. 

The subject seems to be a complicated one, and conserva- 
tionists themselves have sometimes followed smal pickings 
instead of concentrating on the whole matter. It is good to save 
wild turkeys and whooping cranes from extinction, and to hold 
our last herds of buffalo. Yet if the rounded balance of nature, 
with its essential relationships of water, soil, tree, bird, snake, 
insect, and mammal, is viewed intelligently in the light of man’s 
need for subsistance, the minor parts will be taken care of in 
the solution of the whole. Each bird will be as necessary to its 
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habitat as are sidewalks, traffic cops, street lamps, reservoirs, 
and shops, to cities. People can understand how interrelation- 
ships complete nature’s balance to provide our food supply, 
as walls and windows and furniture complete our homes, In 
this way, the subject becomes simple for comprehension. 
Healthy soil in healthy surroundings will feed the world in a 
way that is simply impossible under adverse conditions, and 
all natural surroundings will receive their share of attention. 

This knowledge can be spread by a new education. We need 
a Foundation for Conservation to send experts everywhere to 
study conditions and din the truth into people’s ears. We need 
newsreels showing what this Foundation is doing. We need to 
have every child as alive to the subject as he already is to air- 
planes. We need novels and movies with plots based on Con- 
servation, as they often are now on other branches of science. 
What can equal the drama of hunger? We need plays written 
about it like Sidney Howard’s Yellow Jack, the story of yellow 
fever. We need slogans, comics, posters, competitions. We need 
prizes for children in international contests. We need to have 
soil conservation mentioned in every reference to the world’s 
food. Throughout history, civilizations have risen and fallen on 
the condition of their food supplies. 

In this way, the world will know that not one particle of soil 
-must be wasted; that all wildlife is related to the whole process 
of nature’s growth and generosity; that the precious soil must 
be preciously kept. Shallow plowing and disking will then re- 
place deep plowing, and the rubble that plants need will not 
be buried but kept near the surface where it can help the soil 
to hold its moisture. Strip-cropping and contour plowing will 
become second nature to us, like lubricating our automobiles 
and building good roads. 

The subject is not so complicated when taken this way. 

Only by doing these things can we come into our rightful 
heritage of the soil. If we do not, famine and misery will stalk 
us all. There can never be a peaceful world till hunger is van- 
quished. 





Phonograph meedle, boot-shaped, molded of nylon, has a jewel tip to fol- 
low the groove in the record. The elasticity of the nylon protects the stylus, 
keeping it always in line with the shank and preventing it from jumping 
out of the groove. 








MATHEMATICS PROBLEMS FROM 
ATOMIC SCIENCE 
HyMAN RUCHLIS 
Lafayette High School, Brooklyn, N.Y. 


It is a cardinal principle of good teaching that learning is 
most rapid and effective if the pupils are interested in what they 
are learning. It does not matter whether the motivation arises 
from some practical application in the pupil’s immediate life, or 
from intellectual curiosity aroused by some challenging prob- 
lem. 

Atomic science is a gold mine of motivation of both types for 
various topics in mathematics at all levels of the subject in the 
high schools. We have chosen some of the possibilities in this 
direction as the subject of this article. This is by no means an 
exhaustive survey, but should serve to suggest other problems 
of a similar nature. 


POSITIVE AND NEGATIVE NUMBERS 


Wouldn’t it be nice to walk into the classroom on a day when 
the subtraction of negative numbers is being introduced and 
start the lesson with the statement: “The atomic bomb could 
not have been made if scientists were not able to subtract nega- 
tive numbers.’”’ No doubt the lesson would carry itself from that 
point on. 

This “happened” in the following way. In 1934 Fermi made 
an observation of the results of bombardment of iron and similar 
materials with neutrons that caused him to start the search for 
element No. 93, beyond uranium. This search led him to bom- 
bard uranium with neutrons—an experiment that produced the 
discovery of uranium fission 5 years later. 

As you know, the center of the atom contains protons, which 
are said to have +charges. The nature of the atom is determined 
by the number of such protons of +charge. Thus, iron, with 26 
protons in the nucleus is said to have an atomic number of 26. 
Uranium with 92 protons has atomic number 92. Now, it was 
observed that when iron was bombarded with neutrons it 
emitted electrons. An electron has a negative charge. What was 
the result of this loss (subtraction) of a negative charge from 
the nucleus of an atom of 26+? The loss of this negative charge 
results in the production of an atom with one more positive 
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charge—namely element No. 27 containing 27 +charges. Or we 
could write it: 


496 (= 1) = 4-27. 
Fermi reasoned that the same thing might happen to uranium 
+92—(—1) =+93. 


‘Thus he hoped to produce a new element never found before 
on earth. He bombarded uranium with neutrons, and found that 
it emitted electrons as well as other particles. Out of this experi- 
ment came the ultimate discovery of uranium fission. 

The structure of the atom itself can be used as motivation for 
positive and negative numbers. The positive nucleus of the atom 
attracts about itself a number of electrons equal to the positive 
charge. The net result is a neutral atom. Thus, in the atom of 
sulfur there are 16 protons (+>) in the nucleus. Around it revolve 
16 electrons (—). The situation here may be written: 


+16+(—16) =0 (neutral—no net charge) 


The electrons in the outer parts of the atom can be removed 
or added to provide a net charge to the atom as a whole—which 
is now called an “‘ion.”’ Thus, if the sulfur atom had 18 electrons 
around the nucleus (which may actually occur) then: 


+ 16+(—18) = —2. 
The sulfur atom now has a charge of —2. 


RATIO AND PROPORTION 


Or take another example from the subject of ratio and pro- 
portion. You might say to the class: ‘“The discovery of the atom 
was based on a study of ratio and proportion.” Interest mounts 
and the lesson proceeds on its own momentum. 

It happened this way. In the late 1700’s and early 1800's 
scientists began to take various compounds apart and weigh the 
elements that came out of them. Thus when water was broken 
down into its component parts by means of electric currents it 
was found to be composed of the elements hydrogen and oxygen. 
No matter what the source of the water, whether it was from 
Asia or Europe, from ice or rain, the ratio by weight of the oxy- 
gen and hydrogen in it was found to be 8:1. In other words 9 
pounds of water was always made up of 8 pounds of oxygen and 
1 of hydrogen. The same thing was true of all compounds broken 
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down into elements—each compound having its own proportion. 
This came to be known as the Law of Definite Proportions. 
Then it was discovered that the same elements could be com- 
bined in different proportions to make new compounds. Thus, 
oxygen and hydrogen could be combined in the proportion of 
16:1 instead of 8:1. The result was a material that you are 
familiar with as hydrogen peroxide, used as an antiseptic. Such 
facts with a number of compounds led to the Law of Multiple 
Proportions, which stated that when the same elements combine 
in different proportions they always do so in simple whole num- 
ber multiples. Thus, there might conceivably be a compound of 
oxygen and hydrogen forming in the ratio of 24:1 or 32:1 or 
perhaps 40:1. Actually, such compounds do not exist, but if 
they did these would have to be the proportions by weight. 

John Dalton explained these facts in 1808 with his atomic 
theory. He postulated the existence of tiny bits of matter called 
atoms. Combinations of various kinds of atoms could be made 
to form new compounds. Thus, two atoms of hydrogen could 
combine with one of oxygen to form a “molecule” of water. 
Whatever ratio of weights existed between the two hydrogen 
atoms and the one oxygen atom would be maintained in ten 
molecules of water, a thousand, or a trillion. 

This provided the clue to the relative weights (atomic weights) 
of the atoms. For, if water consists of oxygen and hydrogen in 
the ratio of 8:1 by weight, then this must also be the ratio of 
the weights of the atoms in a single molecule of water. During 
electrolysis of water the ratio of hydrogen to oxygen by volume 
is exactly 2:1. This led to the conclusion that a water molecule 
contained 2 atoms of hydrogen to one of oxygen. Then if the 
weight of an oxygen atom is selected as 16, and the relative 
weight of the hydrogen atom as one, the observations are com- 
pletely explained. The 2 hydrogen molecules in water, weighing 
2 and the 1 oxygen atom of weight 16 form the ratio by weight 
of 1:8. 

In hydrogen peroxide, on the other hand, with a formula H2Ox, 
the ratio by weight is 2:32 or 1:16. It is clear that the addition 
of atoms of either hydrogen or oxygen in different proportions 
can only result in changing the ratios of weights by simple mul- 
tiples. 

Thousands of scientists have performed millions of such ex- 
periments to find the ratios of weights of atoms in various com- 
pounds. The results of their labors has been the very accurate 
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tables of ‘‘atomic weights” of the elements, without which most 
of chemistry and atomic science could never have been a reality. 


HANDLING LARGE NUMBERS 


Atomic science offers good material for experience in the 
mathematics class with large numbers. Here are a few examples 
that would interest pupils in a high school classroom. 

There are about 1 million billion billion atoms of uranium in 
one pound. Assuming that each atom were the size of a period 
on a printed page (about 1/50th of an inch) how big a box is 
required to hold this number of atoms. It turns out that the box 
must be about 15 miles on each edge! 

Thirty thousand trillion trillion electrons weigh an ounce. 
How long would it take to count this number at the rate of 1 
every second? It turns out that if everybody on earth today 
(2 billion people) were to stop doing everything else and count 
this number for his entire lifetime, and if this were repeated by 
the next 30 billion generations of people they could, together, 
count the number of electrons that weigh an ounce. 


EQUATIONS 

Atomic transmutations provide good opportunity for solution 
of simple equations. Thus, the first transmutation of atoms as 
the result of bombardment of the nucleus was deduced by 
Rutherford in a manner that might be simplified as shown in the 
equation below. Nitrogen atoms were bombarded by alpha par- 
ticles (helium) from radium. Protons (hydrogen) were observed 
to result from the collision. The deduction of the other product 
then went as follows: 


Helium-+ Nitrogen = Hydrogen+ X. 


Substituting ¢oday’s known construction of these atoms in terms 
of protons (P) and neutrons (N) the equation becomes: 


Helium + Nitrogen = Hydrogen+X 
(2P+2N)+(7P+7N)= (1P) +X 
X= 8P +9N 
The fact that the nucleus of the new atom contains 8 protons 
identifies it as oxygen (atomic number 8). However, having a 


total weight of 17(8+9) it becomes an uncommon “‘isotope”’ of 
oxygen, normally 16 in weight. 
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GROWTH AND DECAY 


Ordinary radioactivity always occurs in a manner that follows 
exponential mathematical laws. The entire life history of radium 
for example is expressed in the fact that in one year 1/2300 of 
any given sample of radium will decay into other materials with 
the production of new high speed particles and energy. It would 
make an interesting problem for an algebra class in the upper 
terms to calculate, using logarithms, how long it would take for 
half the radium to decay. The equation in this case would be: 


2299\" 
x = (—— 
2300 


(where X is the fraction that remains and m is the number of 
years). 

It turns out that radium will decay to 3 in 1590 years. This 
period of years is known as the “half-life” of radium. Using this 
new fact, and establishing 1590 years as a basic period for ra- 
dium new problems can be stated in a different manner. For 
example, starting with 16 ounces of radium (1 pound) how much 
will be left after 3180 years (twice 1590)? How much after 6360 
years (4 times 1590). Pupils will be surprised to learn that after 
20 such periods (31,800 years) only 16 millionths of an ounce 
will be left. Graphs can be drawn using this information. 

Similar problems can be set up for other elements. Thus, po- 
lonium has a half-life of 140 days. Uranium 239, formed by 
bombardment of uranium 238 by neutrons in an atomic energy 
machine has a half-life of only 23 minutes. On the other hand 
uranium 238 has a half-life of 43 billion years. 


FINDING THE AGE OF THE EARTH 


The value of the half-life of uranium 238 (43 billion years) has 
interesting application in determining the age of the earth. The 
following simplified problem shows how it is done. 

The ultimate product of a series of successive transmutations 
of uranium is lead, a stable product. Suppose that uranium on 
earth is always found with lead in the ratio 70:30. What is the 
age of the earth? 

We assume that 30% of all the uranium originally on earth 
has decayed to lead during the time since the formation of the 
earth, leaving 70% uranium. Let m represent the number of 
43 billion year periods of time. The formula for uranium decay 
is then: 
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Where U is the fraction of uranium left in a given sample. 

Solving this equation for » by means of logs and then chang- 
ing into number of years gives the age of the earth as 2.3 billion 
years. 


THE CHAIN REACTION 


Similar exponential growth laws express the development of 
a chain reaction in atomic energy machines and atom bombs. In 
this case the growth factor is known as the “critical factor” k. 
If 100 neutrons bombarding uranium in a pile or bomb split 
atoms, resulting in a new crop of neutrons, and if these result 
in splitting more than 100 new atoms, then a successful chain 
reaction proceeds. If fewer than 100 are produced from 100 then 
the chain reaction will die out. The number & represents the 
factor of increase at successive fissions. Thus, if we start with 
100 neutrons which split atoms and these produce 105 new ef- 
fective neutrons then & is 1.05. With k equal to 1.01 each crop of 
100 neutrons will be replaced by 101 effective neutrons on the 
next round. k greater than I means a possibly successful atomic 
bomb. k equal to I means a successful atomic energy machine 
producing energy at a controlled constant rate. 

Now, the time between rounds is very small due to the high 
speed of the neutrons. In the atomic bomb the neutrons may be 
travelling at speeds of many thousands of miles a second. The 
distance that a neutron travels from the time it is released to the 
time it hits another atom may be only a few inches. The time be- 
tween ‘“‘rounds” may then be as little as a billionth of a second. 
The problem might then be posed as follows. Starting with 1 
neutron, and with a k factor of 1.01 (assumed value) how long 
will it take to explode all the atoms in an atomic bomb contain- 
ing 100 pounds (assumed weight) of uranium 235. One pound of 
uranium contains one million billion billion atoms. 

The total number of atoms in this case is 10”. Let m equal the 
number of billionth-of-a-second rounds. Then 


10% =(1.01)". 


Solving this, we get equal to about 6,000. Therefore it takes 




















MATHEMATICS IN ATOMIC SCIENCE 813 


about 6,000 billionths of a second or 6 millionths of a second for 
the reaction to proceed to completion. It is this rapidity of the 
process that makes the bomb possible. The & factor in a real 
bomb is probably greater than 1.01, and the process is therefore 
even more rapid. The assumption that all the atoms are split is 
also not warranted since the mass flies apart when only a small 
fraction of the material has split. 

Similar problems with growth of population, of bacteria, chain 
letters, etc. are possible. 


VELOCITY 


The high speeds of atomic particles provide the basis of other 
problems, designed to establish some concept of these speeds. 
For example, how Jong would it take for one of the neutrons 
from a splitting uranium atom, travelling at a speed of 100,000 
miles a second to cover the 3,000 mile distance across the United 
States? How long to get to the moon, a quarter of a million 
miles away? To the sun, 93,000,000 miles away? 

An interesting velocity problem involving circumference of a 
circle arises from the use of a cylcotron. Assume a hollow cyclo- 
tron box 3 feet in diameter. Assume further that the accelerated 
particles travelling near the outer rim of the box complete a 
revolution in 1 millionth of a second. (This time is set by the 
alternating current used to accelerate the particles.) How fast 
is the particle travelling when it strikes the target material? In 
this case it turns out to be about 10 million feet per second—or 
about 2,000 miles per hour. Actually, speeds much greater than 
this are achieved. 


ISOTOPES 


Atoms having the same atomic number (number of protons 
of +charge in the nucleus) will have the same properties under 
ordinary conditions. But they may have different weights de- 
pending upon the number of neutrons in the nucleus. The only 
discernible difference with ordinary measuring instruments be- 
tween chlorine of atomic weight 35 and chlorine of atomic weight 
37 is this difference in weight. These weights of the isotopes can 
be accurately determined by means of a ‘‘mass spectrometer.” 

Ordinary chlorine consists of a uniform mixture of these two 
isotopes (35 and 37). But the atomic weight of chlorine as found 
on earth is 35.46. The problem might then be stated: What is the 
proportion of the two isotopes, 35 and 37 in ordinary chlorine. 
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This is a simple mixture problem. Similar problems can be con- 
structed by consulting any periodic chart of the elements. 


PREDICTING THE PROBABLE LIFE OF THE SUN 


An interesting problem that reveals the intriguing nature of 
many of the physical relationships that have been established by 
modern science as well as by ancient geometricians is obtained 
from a study of the source of energy of the sun. 

Measurement shows that the rate of “income” of radiant 
energy from the sun, falling on a square yard of earth’s surface, 
perpendicular to the rays, is approximately equal to a kilowatt. 
At this rate of energy production how long could the sun supply 
energy? 

The following facts are given: 

1) Distance of earth from sun—93,000,000 miles. 

2) Einstein’s energy-mass relationship, reduced to units of 
pounds and kilowatt-hours states that 1 pound of matter will 
produce 11.4 billion kilowatt-hours of energy if completely con- 
verted into energy. 

3) The source of energy of the sun is the conversion of 1% of 
the mass of the hydrogen on the sun to helium. The loss of this 
1% of mass and its conversion into energy supplies the radiation 
that we observe. (The sun consists largely of hydrogen). 

4) The mass of the sun as determined from calculation by 
Newton’s Laws is 2.2 X10’ tons. 

First we determine the amount of mass lost per hour. The 
total energy production of the sun is obtained by multiplying 
the energy per square yard by the total number of square yards 
on a sphere having the earth’s distance as radius. In one hour 
the total energy falling on a square yard will be 1 kilowatt-hour. 
Multiply this by 47R? where R is 93,000,000 x 1760 yards. This 
gives the total energy produced by the sun in kilowatt-hours. 
Divide this by 11.4X10° to convert energy production per 
hour into pounds of mass lost per hour. This turns out to be 28 
million million pounds. This is equivalent to a loss of mass of 
4 million tons per second. 

Now taking 1% of the mass of the sun as the approximate 
mass available for conversion into energy, we get 2.2 X10” tons. 
Dividing this by 4 million tons per second gives us 5.5 10"* 
seconds. Converting this to years gives about 170 billion years. 

This calculation gives an exceedingly approximate maximum 
estimate that does not take into account a great many complex 








KL  — e 











MATHEMATICS IN ATOMIC SCIENCE 815 


factors which serve to reduce the figure considerably. But it still 
shows the nature of the relationships involved. 


SOCIAL IMPLICATIONS 


Proper preparation for citizenship today requires that every 
pupil be provided with the basic facts of atomic energy that will 
enable him to make future wise decisions. Problems dealing with 
these facts are a good medium for instruction in these social 
implications. 


THE Atomic BomMB 


Experience with the two atomic bombs exploded in Japan re- 
veals the general pattern that these “minimum” bombs would 
take in destruction of cities. Here are some problems of this 
type. 

All houses within a radius of a mile of the explosion would be 
damaged beyond repair. Assuming that a city block is 200 feet 
by 600 feet how many blocks would be damaged beyond repair? 
The answer is close to 600! 

Assuming that the area consists of private homes built on 40 
by 100 foot plots how many homes would be destroyed beyond 
repair? The answer comes out close to 18,000. Similar problems 
can be designed using the fact that all houses within a two-mile 
radius would require major repair. 

Practically all the people within’} mile of the explosion would 
be killed. Assuming private homes on pilots 40 by 100 feet and 
an average of 5 people per house, how many people would be 
killed in this area? The answer is approximately 22,500. Similar 
problems can be based on the fact that 3 of those living within 
a mile of the explosion would be killed. 

At a distance of 8 miles from the explosion the intensity of the 
heat and light produced is about equal to that of the sun. What 
would be the effect at a distance of 1 mile from the explosion? 
We assume the inverse square law in this case. At } the distance 
the intensity of heat and light would be equivalent to that of 
64 suns! (This is all very approximate). 

It is no wonder that a person standing 2 miles away out in the 
open would have the temperature of his skin raised to 150°F. 
Wood chars at a distance of 2 miles. Roof tiles would melt and 
bubble at a distance of 1 mile. 

Such problems would be pointless unless it is made clear by 
the teacher that these facts impel one to the conclusion that 
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there must be no more war. Perhaps if more people understood 
the nature of the bomb, as well as the equivalent possibilities of 
germ warfare, there would be less talk of war and greater will 
for peace. 

Costs OF ATOMIC ENERGY FUELS 

When it comes to peaceful use of atomic energy there is a vast 
field of exploration opened up for future exploitation. Most of 
these possibilities arise from the concentration of energy per 
pound of “fuel.” A number of problems of this type can be given, 
involving simple arithmetic, that can establish some concept of 
this concentration. 

The following quantities of ‘fuel’ provide equal amounts of 
heat energy: 1 pound U235, 140 pounds ordinary uranium, 1500 
tons coal, 330,000 gallons of fuel oil. Which would be cheaper 
as a fuel, coal at $7 a ton or U235 at $5,000 a pound? The U235 
is about one-half the cost. 

During the war pure (ordinary) uranium was being produced 
at $22 a pound. How much cheaper would this be as a fuel than 
fuel oil at 8 cents a gallon? The uranium is about one-eighth 
as expensive as the oil. 

Of course, the fuel cost alone is not the only consideration. 
Cost of equipment needed to convert the energy of the fuel to 
heat is a more important factor. Radiation dangers in the case 
of uranium piles are also a major problem. However, it seems 
likely that in a relatively short time atomic energy “furnaces”’ 
using ordinary, or even enriched uranium, would be able to 
compete with conventional power sources particularly where 
transportation of fuel is a problem. Thus, it may be very useful 
in remote regions and in large ships where compact fuel like 
uranium is a great help. 

These are but a few of the possibilities for integration between 
mathematics and science studies in the high schools in a field 
where motivation is relatively easy because of the popular in- 
terest in the subject. No doubt further study would reveal many 
more possibilities than those that have been mentioned in this 
article. 


The French scientist Renan, ... 1890, was of the opinion that the 
golden age of physics had passed. 
John A. Eldridge Physical Basis of Things 














THE EFFECTIVE ADMINISTRATION OF 
HIGH SCHOOL BIOLOGY TEACHING 
UNDER STATE SUPERVISION 


CHARLES E. PACKARD 
Alfred University, New York 
PART I. CRITICAL REVIEW OF A SCOPE-CONTENT OUTLINE 
FOR TEACHER GUIDANCE 

The factual content of biological science is constantly chang- 
ing. Revision and re-appraisal are recognized as necessary and 
sometimes tedious routines in keeping course syllabi, texts, labo- 
ratory manuals and workbooks up to date. Much of a teacher’s 
spare time may well be occupied in becoming thoroughly con- 
versant with current advances in research in a given field. 

A university, because of its peculiar organization and position 
educationally, is likely to have access to many sources of infor- 
mation often denied sister institutions. A higher institution is 
ordinarily more conscious of original investigation than a sec- 
ondary school would be. It exists in an atmosphere of change 
where today’s discoveries may all too soon be ancient history. 
Excellent media suitable for the dissemination of scientific prog- 
ress are available for all levels and are being used. This is en- 
couraging. Yet something of a gulf still exists between the re- 
searcher, who never knows from one day to the next what he 
will uncover that will upset what he or another has believed to 
be permanently fixed, and those who serve as the chief instru- 
ments for the transmission of fact into growing minds. 

We have also seen an increasing educational trend away from 
restricted scholarly achievement in a given subject to the stress 
upon ways and means of imparting information. Dr. Karl A. 
Stiles called attention to the fact some years ago when he stated 
his concern that, in his state, certification requirements for 
biology teachers in high schools were such that only five se- 
mester hours of credit work in college were needed. Some insti- 
tutions today are permitting the grants of Master of Education 
degrees to a dozen or more candidates per season in preparation 
for teaching careers in subjects where they have scarcely taken 
a bona fide major course. 

Perhaps teachers ‘‘are born and not made.” The writer is in- 
clined to feel that an understanding of methods and practices ts 
important. But there must be some truth in the opinion that the 
person who is not well grounded in the content of his field pro- 
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ceeds under a severe handicap. How well do certain official 
teaching aids, intended for secondary school guidance, reflect the 
trends of the biological times? Are they based on adequate 
understanding of present-day biologically accepted facts? An 
outline of the “content scope’’ of certain state examinations of- 
fered annually in biology, which is the nucleus of the present 
study, may help answer these questions. 

The purpose of the statements, compiled by appropriate 
questioning committees, is stated, in an official letter addressed 
to “Superintendents, High School Principals and Teachers,”’ to 
promote helpfulness in two directions; (a) ‘“‘in the interpretation 
of basic outcomes that might reasonably be expected” and (b), 
‘in the construction of examinations which would uphold desira- 
ble standards of classroom instruction and insure more satis- 
factory results in... examinations.’’ To what extent the re- 
sults may have been unsatisfactory previously the writer does 
not know but it is to the credit of authorities at headquarters 
that improvement is desired. 

It is learned from the letter that a biology question commit- 
tee was appointed to make out the examination to be given on a 
statewide basis, its duty also being to draw up the “‘content out- 
lines,” holding to the form of the present state syllabus in 
process of revision. Such “‘outlines” were to “serve as a basis for 
a reasonably accurate and uniform system of rating answer 
papers.” They were not to replace the syllabus but were to “‘in- 
dicate the minimum content scope for examination purposes.”’ 
Teachers were still to refer to the regular course, subject-matter 
plans. However, a final paragraph of the directive asserts again 
that examinations will be based upon the newer summaries until 
the fuller revision has appeared. A personal communication re- 
veals that the biology question committee consisted of ‘‘a group 
of classroom teachers.” 

Fight major headings comprise the four-page “content scope”’ 
paper. Sub-divisions, three to ten per major topic, amplify the 
main theme, of which there are forty-eight in all. It is beyond 
the extent of this discussion to reproduce each in word-by-word 
detail. However, adequate consideration will be given to the 
most pertinent features of the entire résumé, which represents 
a digest of the standard forty-five page syllabus previously re- 
lied upon as a guide to the material a biology teacher within the 
state would be expected to incorporate in the course and around 
which a set of examinations would be formed. 
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MaIn Topic 1: NATURE oF LivinGc THINGS 


Broad y general, this may be fairly interpreted as the “kind”’ 
or “‘sort,’’ the “character or quality” of animals and plants; 
their ‘‘inherent or essential attributes.” 


SuB-topic 1: Types of animals (distinction between 
vertebrates and invertebrates; important groups of 
vertebrates) 


No mention, thus, is made of a more fundamental difference, 
namely that based on notocord, central tubular nervous system, 
and pharyngeal clefts, so characteristic of the Phylum Chordata 
and inclusive of all the so-called vertebrates, or animals with 
“‘backbones.”’ The Chordate grouping is now recognized by com- 
parative anatomists to be superior to the older one of “‘verte- 
brates” and “‘invertebrates,’”’ although the names remain and 
are practically useful. For a considerable period of years the 
accepted phyletic range has been from the Protozoa to the 
Arthropoda, commonly called invertebrates. The next and climax 
phylum is that of the Chordata which includes the Classes of 
Pisces, Amphibia, Reptilia, Aves, and Mammalia, omitting 
some less important animal forms. Comparative Anatomy, an 
advanced study for the college biology major, thus corrects the 
more superficial view. The well-informed authors of the leading 
secondary school texts are aware of this. Consult, for example 
Curtis, Caldwell and Sherman’s Everyday Biology, page 677, for 
nine indexed topics under “‘Chordata,” a term which is also de- 
fined in the glossary on page 658. 

Of the regularly described invertebrate phyla, comprising at 
least nine animal groups of importance, only one, the Protozoa, 
receives notice as a unit collection of organisms in this first sec- 
tion, or throughout the remaining pages of the content-scope 
outline. The distinctions between a vertebrate and an inverte- 
brate can be catalogued in ten or fifteen sentences. It is the 
‘important groups of vertebrates’? which are specified. This 
places the burden upon the teacher, who is to be helped in the 
preparation of pupils for formal examinations, of determining 
which constitute the “important” or the “unimportant.” 

Also what significance has the term “‘group”’ as here used? 
Does it mean class, order, family, genus, species? The groupings 
of vertebrates are numerous and varied. It could be interpreted, 
by the better informed teachers, as amniotes or anamniotes, 
gnathostomes or agnathostomes, teleost fishes or cartilaginous 
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fishes, sauropsidans, batrachians, placentals, etc., etc. A prefer- 
able wording of this topic would be ‘‘Basic structural and func- 
tional features of the animal phyla with development and re- 
lationships.” All the animals among living things are thus in- 
cluded with specific notations as to their nature. 

Moon and Mann’s Biology, another standard, popular text- 
book, devotes chapters 19-25, consisting of ninety-seven pages, 
to those “invertebrate” groups which the outline has seemingly 
overlooked. Among them are some of the most economically 
important animals known. Should not something of their nature 
be taught to high school students? Of this collection the Arthro- 
poda alone comprise from 500,000 to 1,000,000 species, the 
largest assemblage of animals existent. 


SuB-TOPIC 2: Types of plants (distinction between green 
and nongreen plants; and between plants which 
produce seeds and those which do not; 

omit mosses and ferns) 


Is this another case of over-simplification in an attempt to 
avoid technicalities? If so it does not hold true of the accom- 
panying chemistry and physics outlines, both of which do not 
hesitate to use technical terms in abundance. Did the biology 
committee feel that the teachers would not comprehend “‘algae”’ 
and “fungi”? What is the distinction between the green plants 
(chlorophyll-bearers) and the ‘“‘nongreen” ones other than the 
fundamental lack of chlorophyll in the latter? Structurally there 
are many similarities between the filamentous, branching green 
algae and the chlorophyll-lacking phycomycetous fungi, for ex- 
ample. The Bryophytes (mosses), Pteridophytes (ferns) and 
Spermatophytes (seed-bearers and flowering types) are all pre- 
vailingly green, like the algae, and functionally similar in nu- 
trition, but very much unlike structurally. The fundamental 
difference between the seed-bearers and spore-bearers is the 
method of reproduction. But the mosses and ferns, where this 
sporophyte-gametophyte relationship of the life cycle, and al- 
ternation of generations phenomenon, is so strikingly shown, are 
omitted. Thus one of the most fundamental and interesting of 
plant phenomena is eliminated, where it is best shown by com- 
parison! 

The use of the word “green,” again, is a practical and loosely- 
applied designation of questionable usage in a paper intended for 
teacher inspection. Certain molds, for example, where no chloro- 
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phyll is present, are green in color, the pigment being of different 
chemical composition. Color is not considered a fully dependable 
taxonomic character in spite of the older, and still valid, naming 
of the green, brown, and red algae. Other features determine 
retention of the names and grouping, not merely the appearance, 
green being present in all three types. 


SuB-ToPIC 3: One-celled animals (general structure and 
functions of one or more protozoa-microsco pic study) 


As presented this is co-ordinate with sub-topics one and two. 
It should be subordinate to number one, if used at all. Which one 
of the approximately 15,000 species of Protozoa should the 
teacher include in his study? And if more, how many more? Is 
this of any assistance to the instructor? If he has prepared his 
pupils for description, diagramming and labeling of ameba and 
they find paramecium or euglena called for on the examination, 
what will they do? Of what value is the addendum, “microscopic 
study”? If direct observation is to be made magnification will 
have to be used. And many of the protozoa are not simply ‘‘one- 
celled”’ but are loose aggregates of cells in colonial formation. 


SuB-Topic 4: One-celled plants (general structure and 
functions of one or more algae and one or more fungi) 


What “committee of biologists’ or “‘group of class-room 
teachers” could have phrased this sentence without being aware 
of the fact that the algae and fungi are predominantly many- 
celled, not one-celled? Which of them, therefore, would the dis- 
criminating teacher select for drill, just the one-celled forms as 
the topic suggests, which are relatively very insignificant, or 
would he wonder why those of greater importance had been 
neglected and feel that certainly some of them should be in- 
cluded for attention? The words “‘microscopic study” are here 
omitted. Would none of these interesting forms be taken up in 
the laboratory exercises, seen actually by the pupils in some of 
their prominent details? This is as much a study to be carried 
on with the microscope as the preceding on animals. Moteover, 
it is more appropriately a subdivision of “Types of plants” 
rather than co-ordinate with it. Again arises the problem of 
selection and how many examples to prepare. ‘One or more” 
presents too big a problem for the uninitiated teacher to solve. 
If he is to decide, why bother to make up an outline that leaves 
the matter entirely to his discretion? 
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Sus-Topic 5: Tissue cells (microscopic observation of 
fresh or prepared specimens of one or more plant and 
animal tissues, particularly vascular, chloro phyli- 
bearing and epidermal tissue in plants; blood, 
muscle, nerve and epithelial tissue in animals ; 
the cell doctrine) 


Confronted again by the “one or more” would the teacher 
select of the particularly listed types just a single sample? Or 
would he disregard the “particularly,” substituting a specimen 
not mentioned? Would he make up his own temporary mounts 
of the freshly drawn blood, which would show practically noth- 
ing at all, or would he set up a fixed and stained slide for demon- 
stration? If the latter, to what extent would he enter into de- 
tails? 

Which of all the kinds of epithelial tissue in animals would 
he choose? Simple squamous? Simple cuboidal? Compound 
squamous, etc.? Would he take epithelial cells scraped from the 
inside of a pupil’s cheek? Or would he prepare a bit of fresh 
clam gill showing ciliated cells in motion? 

Of the many biology teachers in a populous state certainly 
some would have had enough training in botany to wonder why 
the meristematic tissues of ‘‘higher” plants are not included, 
particularly the cambium so vital in the growth of all stems. 
Others would have had some knowledge of animal histology suf- 
ficient to cause them to question the omission of bone among 
the connective tissues. And the microscopic observation of any 
of them at all would be of little use without supplementary 
descriptions of functional and developmental attributes. 

So many problems would present themselves to plague the 
conscientious teacher in this final topic of the “nature of living 
things” that it seems almost too much to introduce any more. 
From the purely pedagogical standpoint, as well as from a 
logical scientific one, the order of arrangement as given is 
greatly to be questioned. Nowhere is there any attempt made 
to specify the qualities of living substance or to draw a line be- 
tween the living and the non-living. Protoplasm is the basic life- 
stuff. The cell is the unit-mass. The tissue is the logical upward 
next step in organization. Then come organs, systems, the or- 
ganism or individual. If the “nature of living things” is under 
consideration why is nothing at all said about the material 
through which life attributes express themselves? And why 
postpone until the very end of a section a discussion of what 
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has been called one of the greatest generalizations in all biology, 
the cell doctrine? A primary aim in all scientific courses is to 
develop mental attitudes in keeping with science itself. Shall 
we, then, begin somewhere near the beginning or in the middle 
of the natural order? Here is room for honest difference of 
opinion. But the ‘‘nature of living things” immediately suggests 
to the thoughtful student ‘‘What is the nature of that which is 
not alive and how do the two compare?”’ “Invertebrates” may 
be quite as foreign to the beginner as “protoplasm” and “‘cells.”’ 
And there are not many points in biology about which more 
confusion exists, or concerning which more errors are made, 
than the spinal column (backbone) and the spinal cord within 
it. The term ‘‘backbone,” therefore, has very little meaning es- 
sentially to the average boy or girl. Sub-topics three and four 
of the main section have already taken up one-celled animals 
and one-celled plants; hence the idea has been broached, as far 
as cells are concerned. 


MAIN Topic 2: NUTRITION 


This is important, if properly treated, and rightly inserted. 
From the standpoint of function the ten sub-divisions provide 
fair coverage, less so with regard to structure. Though not re- 
ferred to as such the unit seems built around the “typical” 
flowering, chlorophyll-possessing plant and the human being. 
“Principal digestive organs” and “nature of the digestive proc- 
ess’”’ are widely separated from “the digestion of foods” and 
there is no differentiation made as to the chemical and mechani- 
cal aspects of the process. Vitamins and food-processing are 
introduced, parasitism and symbiosis, as instances of associa- 
tions of organisms, occur here. There is repetition and lack of 
logical order. “‘Functions of roots and stems’’ occurs as part of 
sub-topic one, then an entire sub-topic, number nine, is devoted 
to “circulation in plants” but “briefly.”’ Since the major use of 
the root and the stem is transport of liquid materials this seems 
needless. If space is to be conserved and brevity desired, closer 
attention could have been given to cutting corners. The excre- 
tory system and elimination of nitrogenous waste appear not at 
all. Because organic and degenerative diseases are increasing 
and because the breakdown of circulatory and renal function 
constitutes a large share of such disabilities it would seem very 
important to have this great eliminative organ, the kidney, con- 
sidered in its vital connection with metabolic problems. 
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Transpiration is unmentioned as a great plant process. Res- 
piration and photosynthetic activity are not harmonized nor 
is there found any specification that they should be. 


Mayor Topic 3: BEHAVIOR 


Six sub-topics cover one of the most absorbing and compre- 
hensive of biological fields, two of which concern habits and are 
repetitious. The sixth deals with chemical regulation by the 
glands of endocrine function with their important bearing upon 
health and conduct. “Exploring Biology” by Smith, a finely 
organized and illustrated modern biology text for secondary 
schools, devotes a unit of three problems, covering nearly fifty 
pages, to nervous system structure and function alone. This is 
also exclusive of adaptive responses of which the scope-content 
outline seems to be wholly devoid. 

Instead, the teacher is advised to introduce a survey of ‘‘one 
plant hormone.”’ Which one? Auxin “a” or auxin “‘b,’”’ about 
which Hill and others’ very excellent college textbook of Botany, 
comprising 646 pages, has three sentences? Moon and Mann’s 
text for high schools, in 866 pages of the recent edition, has two 
sentences as explanation of its figure 404. Curtis and others’ 
text in 671 pages has four sentences as legend beneath one fig- 
ure. Miss Smith has two paragraphs in 579 pages, plus one 
figure. In the former two cases the word ‘“‘hormone”’ is not used 
at all. In fact it is much more common to refer to these rela- 
tively unknown substances of recent experimentation as 
“growth-promoting substances or chemicals.’””? Moon and Mann 
specifies the organic compound naphthalene-acetic acid by 
name. Caldwell and others list this, and a second, indole butyric 
acid. Which of these would the teacher have his pupils choose 
for their ‘‘one plant hormone’’? 

The endocrine discussion in the official outline notes thyroid, 
pituitary, adrenals (suprarenals in man), pancreas (only a 
small part of which is endocrine tissue, the Islands of Langer- 
hans), and parathyroids. Where are the tremendously important 
testicular and ovarian tissues of chemical regulatory function? 
If plant hormones are deemed worthy of time spent by the 
student in preparation for testing what shall we say of those 
secretions from the sex glands which are going to shape his 
destiny all his life? In an excellent two-page tabulated summary, 
p. 306-307, of Biology and Man Gruenberg and Bingham pre- 
sent the sex hormones, plus supplementary later explanation, for 
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students in high school to inspect, and very rightly so. Both 
male and female should begin early in life under intelligent and 
informed direction to learn the facts dealing with sexual be- 
havior. Their thinking may be seriously distorted, much to the 
impairment of mental and physical well-being, if it is not so. 
Yet there is not anywhere in the outline, even under the main 
topic of “reproduction,” a hint as to this role of the hormones in 
relation to sex regulation. 

The central nervous portion, consisting of brain and cord, re- 
ceives the bulk of attention in the “Behavior” part, which is 
natural. Yet is there no place for autonomic nervous control, for 
mention of the paired cranial and spinal nerve pathways or the 
sensory division, particularly the ear and the eye, their make-up, 
use and care? 


MaIn Topic 4: PREVENTION AND CONTROL OF DISEASE 


Among “organisms that cause disease” the ‘“‘viruses” are 
cited, a technical error. ““Noncommunicable diseases’ have 
“hernia” but no eye defects. Circulatory diseases occur but 
renal do not. Occupational hazards and accidents, wound treat- 
ment and management of broken limbs, antisepsis, blood clot- 
ting, hereditary diseases and tendencies (color blindness, hemo- 
philia), alcoholism and drug addiction are not found. There is 
scarcely a suggestion about plant disease other than causal 
agents of disease in general. No common specific human diseases 
appear. Ritchie, in Biology and Human A ffairs, page 553, prints 
a tabulation of human, domestic animal and plant diseases as 
caused by bacteria, protozoa, and viruses. He has a problem 
unit on beverage alcohol, as is customary with such texts. 


Marin Topic 5: REPRODUCTION 


Sub-topic two reads ‘(development of sperms and eggs 
through reduction and mitotic division; necessity for reduction 
division for the maintenance of the chromosome number)”. For 
this the follow’ng substitution is recommended: ‘‘Gamete for- 
mation (maturation of sperm cell and egg by mitotic division 
and chromosome reduction; need for halving the somatic chro- 
mosome number with results on heredity).” “Sperm” is semen; 
should not be used to describe the male germ cells which are 
spermatozoa. Development implies embryology, maturation con- 
notes becoming functional. Dividing the somatic (body cell) 
number of chromosomes into half during the reduction phase of 
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mitosis, of which it is always a part as the germ cells mature, 
sinks into insignificance as compared with the creating of an 
opportunity for recombination of parental characteristics and 
mixing of the germ-plasm as fertilization takes place. On the 
latter there is no comment. The full meaning of segregation, 
which is considered under “‘Heredity,”’ is, therefore, lost. Polli- 
nation, seed and fruit formation, are forgotten. In fact, the 
entire section on reproduction, except for “vegetative propaga- 
tion” is confined to animals, with numerous important phases 
relating thereto not included, such as larval stages of inverte- 
brate phyla, life cycles of parasitic worms, insect metamorphosis, 
parthenogenesis and hermaphroditism, voluminous egg produc- 
tion in parasites, ontogenetic and phylogenetic change. The out- 
line, when compared with the vivid descriptions and striking 
illustrations of Bayles and Burnett’s Biology for Better Living, 
chapters 32-33, seems barren, indeed. It appears to lack the 
cohesive unity even of a well-articulated skeleton. 


Major Topic 6: HEREDITY 


The treatment here is by far the best of any in the series. 
Why should no problems in dihybrid crossing be required? Any 
secondary school pupil capable of understanding the mechanism 
of linkage, for example, or of mastering maturation of the germ 
cells, is equally able to handle a two-characteristic cross. Here, 
again, the responsibility is given to the teacher of interpreting 
“other recent discoveries in heredity.” For what kind of formal 
question shall he prepare his pupils? Essay, true-false, comple- 
tion, multiple choice? What shall be the criterion he sets up for 
recent discoveries? Reports in Current Science, Genetics, Biologi- 
cal Abstracts, the Journal of Heredity? What shall be considered 
“recent”? What is found in the recently revised edition of the 
text he has adopted for use? Or what has been printed in the 
science columns of last week’s daily paper? It is one thing to 
require a term-project paper on “‘Recent Discoveries in Hered- 
ity” and another to prepare a class for any eventuality arising 
in the minds of a questioning committee at an obscure time and 
place. 


Major Topic 7: CHANGES IN Livinc THINGS 


Four of the previous topics consist of a single technical word, 
descriptive and meaningful, entirely adequate for the purpose. 
Why could this not have been so treated under the title of 
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“Variation”? There is considerable repetition of thought both 
within the section and previous ones. “Natural and artificial 
selection”’ occurs in sub-topic five after number three has called 
for ‘‘a brief consideration of the theories of organic evolution.” 
The careful characterization of organic evolution here is praise- 
worthy. Only too often no line is drawn between evolution in its 
many broad senses and the progressive descent with change in 
the living world. There is no hint of warning, however, that 
critical differentiation should be made between organic evolu- 
tion as fact and controversial theories proposed in explanation 
of agreed concept. ‘“‘Darwin” is named as though there were 
“only one Darwin.” The grandfather of Charles, Erasmus, has 
his own littie niche in biological history. Concluding the section 
are animal, plant, and soil conservation, plus “insect control,” 
certainly important but possibly a little out of place in a paleon- 
tological and evolutionary discussion. 


Mayor Topic 8: BloLoGicAL DEVELOPMENTS 


One wonders if this would not have been more meaningful 
when re-phrased as ‘“‘Noteworthy Historical and Current Events 
in Biology” or “Biological Trends of Past and Present Time.” 
The “‘cell doctrine” and “organic evolution” again appear, pre- 
sumably covered elsewhere. “Important biological topics in the 
news”’ is inserted, and what live, wideawake teacher would be 
inclined to overlook such in class discussion? But what a field 
and a leeway that would offer in a state examination for playing 
around! Would the teacher give the same credit to the boy who 
picked up the morning newspaper before he went to school and 
read about the ‘‘red waters” of Florida, then wrote an account 
of it, as he would to the one who reproduced the coached ex- 
ample of the use of streptomycin as a possible deterrent for tu- 
berculosis? Suppose the teacher had missed the latest radio re- 
port and knew nothing about what the pupil had written. 
Would he scurry around to try to find out about it? And failing 
so to do, what then, mark him off or give him credit? Such un- 
foreseen contingencies arise very often in examinations. 

Thirty names are on the roll of “scientists who contributed to 
the development of biology.” It could easily have been many 
more than that and there would be much argument as to who 
should be chosen and on what grounds. But at least the teacher 
is given a prescribed list, knows exactly what accomplishments 
to stress. It is unfortunate that, on an official document going 
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out to all public secondary schools as a guide for exact prepara- 
tion in a science, that two of these names, Carrel and Linnaeus, 
should be misspelled. 

That apparently neglible slip, whether inadvertent, or typo- 
graphical on the part of an office helper, raises pertinent ques- 
tions that revert to the intended purpose of the outline and re- 
flect. creditably or otherwise, upon the authors and editors. 
The official communication from the overseeing director states, 
in conclusion, ‘““The science committees preparing these state- 
ments have made every effort to carry out the responsibility 
assigned to them.” No doubt they did. The performance of the 
committees for chemistry and physics is not judged. That of 
the biology committee has been fairly, though extensively, re- 
ported. Whether it made the task of coaching a group of pupils 
easier for their teacher would be for each to say. Whether the 
effort was justified in securing a more perfect statewide achieve- 
ment on the tests over previous years would depend upon con- 
siderable sober calculation on the part of competent investi- 
gators. In order to complete the survey of the situation a second 
paper will treat related points of added interest. 





PROFLIGATE AMERICA 


Until we learn to live on the energy in the sunshine that floods the earth 
each day, our civilization will be in danger of lasting only a few generations 
more, the Science Service monthly magazine, Chemistry, warns editorially 
in the current issue. 

We are so profligate in using the irreplaceable resources and materials of 
the earth, it is declared, that the face of the earth as we know it may last 
only a few human lifetimes more. 

“Tn a few short decades we are using up the underground stores of gas 
and oil,” the journal says. “‘We dig coal as though it will last forever. The 
richest iron ore is scooped up by steam shovels as though it were so much 
dirt. Our copper is almost gone. So are the best of our zinc and lead de- 
posits. We have been living on the unrenewable ‘fat’ of the land. 

“There are even grave doubts as to whether it will be wise in the long run 
to use the minute amount of uranium in the earth’s crust for the generation 
of power. Power can be had from waterfalls, and the sunshine. Uranium 
fissioned is gone forever. 

“War, strife and a declining birthrate have squandered much of the 
human birthright of the peoples of the western world. But doing something 
about that is more hopeless and difficult than attempting to salvage the 
chemical future.” 

Use of corn cobs and oat hulls instead of coal for making nylon, and a 
practical process for producing alumina from clay are reported. Viewed in 
the perspective of the spendthrift era in which we live, these achievements 
are more inportant than we rich people realize. Extracting magnesium and 
other chemicals from the almost limitless sea is in the same class. 








TEACHING PHYSICS AS WE USE IT 
O. A. NELson* 
Central High School, St. Paul, Minnesota 


For most high school pupils, physics is a very difficult subject. 
So difficult, in fact, that only those having special science and 
mathematical ability learn to like the course and are able to 
make a creditable showing as far as grades are concerned. Be- 
cause of this difficulty, only a small percentage of the pupils at- 
tending high school elect to study physics. This is not as it 
should be. We live in a scientific and mathematical world and 
must deal with machines and scientific phenomena whether we 
like it or not. The more we know about how and why the ma- 
terial things about us behave as they do, the easier it is for us to 
get along and the more we will enjoy ourselves. 

The writer believes that all the physics the average individual 
needs to know, and which should be taught in any high school 
physics course, can be made both simple and interesting. It 
would be very tragic indeed if only those that make a creditable 
showing in our present-day high school physics course really 
understood the principles of the physical sciences. The writer 
also believes that high school training is first of all, not a training 
for college, but a training for better living. 

With the above philosophy of education, a period of about 
fifteen years has been spent in building a simple, practical 
physics course that can be understood and actually applied out- 
side of the school room by almost any individual. No attempt is 
made to follow the old traditional topics of mechanics, heat, 
light, sound and electricity yet none of the laws and principles 
of physics are omitted. In this course, the students study physics 
as they use it. 

To demonstrate the method used we shall discuss a chapter 
that is studied after ten or eleven weeks of work. It deals with 
the vacuum cleaner and is part of the unit on The Age of Elec- 
tricity. Two units that have been studied earlier are The Scien- 
tific Construction and Arrangement of the Home and Heating 
the Home. 

As an introduction to the unit on electricity the pupils discuss 
the importance of electricity and how it is used to make our 
work easier. The class soon learns that most of them know little 


* The author of this article is writing a textbook employing some of the philosophy of teaching illus- 
trated in this article. This book has been accepted for publication by Ginn and Company. 
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or nothing about what electricity is or how it works. It is then 
suggested that a list be made of all the electrical appliances 
used in the home, listing them in the order of the number of 
homes in which they are used. It is found that the long list can 
be placed in two general groups; the appliances giving heat and 
those using a motor. The electric iron is the most common ap- 
pliance using heat and the vacuum cleaner is usually listed as 
the most common appliance using a motor. It is natural that 
the more common appliances should be studied first. The iron 
has already been studied earlier in this unit. The rest of this 
paper will show-how the vacuum cleaner can be made an 
interesting and functional subject in the study of physics. 

A few minutes are taken the day before the discussion to give 
the assignment in this manner: ‘‘When you listed the electrical 
appliances used in the home we agreed that the vacuum cleaner 
was one of the most common machines using an electric motor. 
Tomorrow we are going to begin the study of the vacuum 
cleaner. I want you to find out as much as you can about this 
machine. There is some material in your text but much more 
information is needed. Ask your parents to tell you how it 
works, which in their opinion is the best machine, what it costs 
to run it, what it costs to buy it and as many other questions as 
you can think of. Get as much worthwhile information about 
the vacuum cleaner as you can.”’ 

The next day the following materials are on display in the 
room: two or more vacuum cleaners, a water manometer, a sec- 
tion of an inner tube containing the valve stem, a board 4” x 14” 
with a ? inch hole in the center, voltmeter, ammeter, small rug, 
a quantity of dry fine soil, platform scales, and necessary electri- 
cal connections. Sometimes a watt-hour-meter is used together 
with or in place of the voltmeter and ammeter. This equipment 
is displayed with no reference to its use. No introduction is 
necessary to the day’s work for the pupils are to develop the 
problem. 

The discussion is usually opened with this question to the 
pupils: ‘Which make of vacuum cleaner did you find to be the 
best machine.”’ After a number of answers are given, the pupils 
are then asked to give reasons why they believe their choice to 
be best. It is soon evident that few if any pupils have a good 
reason for their answer. When they are asked how we can really 
find out which machine is the best they are not slow to suggest 
that we try an experiment. Usually several methods of making 
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the experiment are suggested. The material at hand, the sim- 
plicity of the experiment and time needed usually limit the 
methods that may be used. The pupils are reminded that their 
work must be scientific. This suggests the five steps to be fol- 
lowed in solving any problem scientifically. These steps have 
been followed with two previous experiments and can be given 
quickly by the pupils about as follows: 

1. State the problem clearly and briefly. 

2. State all the facts that you already know about the prob- 

lem. 

. Obtain any necessary additional information through re- 
liable scientific sources and experiments. 

+. Check and recheck to be sure your information is correct. 

Draw your conclusion strictly from the scientific informa- 

tion gathered. 

Very little, if any, useful information is at hand. A number of 
suggestions will be offered as to the information that must be 
obtained to solve our problem. These may be grouped as indi- 
cated in the table below: 


w 


ws 


Machine A | B = D 




















1. Weight* of the clean rug in ounces 57.2 

2. Weight ofithecleahbag | 11.7 

3. We ight of the dirt to be wat inte rug | 12 4 : 
4. Weight ithe wen after cleaning | 57.5 Lo. ee 
5. Weight of the has albec.alenaibut! 7 | 93.8 < 


6. Weight of the dirt left in rug 








7. Weight of the dirt in the bag | 12.1 | 
8. Percentage of dirt left in the rug 2.42 
* All weights are given in ounces, but the metric system could be used. 


The results obtained may vary in a number of ways although 
if the instructor finds time to test the machines before class he 
can use them in order of the poorest machine first. This will ar- 
range some of the discrepancies in such a way that they are 
more easily seen by the pupils. Item 8 in the chart must be 
figured with care if some dirt is left in the rug by the previous 
machine. It makes a good problem for the pupils to solve. It is 
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not necessary for the instructor to say which machine does the 
best cleaning. This can easily be observed from the results. 

If it is not mentioned by the pupils, the instructor should 
suggest that some machines might wear the rug more than 
others. The answer may be obtained by examining the contents 
of the bag with the aid of a magnifying glass. Nap from the 
rug can easily be seen. Fresh soil should be used for each ma- 
chine so the conditions will be the same and so there will be no 
loose nap from the previous cleaning. 

Another question that is asked by the pupils may be stated 
as follows: “Do all the machines create the same per cent of 
vacuum?” Again a test can be made by using a manometer or 
barometer; usually a water manometer gives the most accurate 
results. A device can be made very easily for measuring the 
partial vacuum created by the vacuum sweeper. The one used in 
this class ccnsists of a section of inner tube about 20 inches long 
and nearly as wide with the attached valve stem in the center. 
This tube is nailed to a large board with the valve stem extend- 
ing through a hole in the center of the board. Because this plat- 
form of rubber is to seal the bottom or nozzle of the sweeper, it 
may be desirable to have a layer of felt between the rubber and 
the board. With the valve core removed from the stem, the 
valve stem is connected to the manometer tube and the vacuum 
sweeper nozzle pressed against the large rubber surface. 

The data may be placed in a table similar to the following: 


Ma- | Ma- |Differ-| , 











Volt- | Am- | ba al = 
Dats: age | pere | Watts} ““"" nometernometerence in| | “ 
Data: read- | read- | EX] | ho | low high | read- | V4 
ing | ing - side side ing uum 
Machine 1 | | | | 
Machine 2 | | 


Machine 3 | | 





It is possible that the machine giving the greatest partail 
vacuum does not do the best cleaning. If the nozzle opening of 
one machine is much larger than that of another the partail 
vacuum must be greater to give the same result when cleaning. 
The type of brush used, the seal between the rug and nozzle, the 
location of the wheels, and other factors also play a part in de- 
termining the efficiency of the machine. 


: 
' 
f 
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The above experiments will stress to the pupils the scientific 
method of solving a problem. Facts obtained through experi- 
mentation are necessary. We cannot rely upon hear-say and 
guess-work. This teaches the pupils to devise methods of their 
own when checking a machine rather than depending upon the 
statements of other people. 

Other factors that must be checked in buying a machine are 
also discussed. These include: durability of the machine, which 
incidentally is difficult to check, reliability of the manufacturer, 
ease with which the machine handles, cost of the machine and 
others. , 

So far we have discussed the consumer angle and how to solve 
a problem scientifically. These are two musts if science teaching 
is to function outside of school in a practical way. The reaction 
that the writer has had from parents as well as vacuum cleaner 
salesmen is evidence that the information does carry over. 

The next part of the discussion about the vacuum cleaner 
answers the question: “How and why does a vacuum cleaner 
clean?” At this point most of the pupils can give the answer. 
The air-must be made to rush into the cleaner at such a high 
rate of speed that it carries the dirt with it. There is really a 
small tornado under the nozzle. The idea becomes clear when 
the bag is removed and an attempt is made at cleaning with a 
pupil holding his hand over the opening so that no air can es- 
cape. 

This demonstration and experiment leads to a number of 
questions. What is a partial vacuum? What causes air pressure? 
How is it measured? Does it ever change? How does air pressure 
affect us? What would happen if we were placed in a vacuum? 
Why are we not crushed by air pressure? How high does air go? 
etc. 

The discussion is finally guided toward one question if it has 
not already been asked. ‘‘How is'the partial vacuum created in 
the machine?” Various answers and other questions will lead 
to the electric motor. As this is the first machine we have studied 
that is run by a motor we want to study that machine here. We 
now have a reason for studying it, for it is part of our home 
equipment which we should understand. 

If practical the motor is removed from the vacuum cleaner. 
If not, several motors are demonstrated on the lecture table. A 
small armature, cradled in an improvised wire frame with a 
horse shoe magnet over it usually creates most interest. Wires 
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from the necessary source of current are held against the com- 
mutator as brushes. Because the parts look like junk and can 
easily be taken apart and put together the pupils follow the 
demonstration better. Other simple motors are also discussed. 
The question as to the cost of using a vacuum cleaner is al- 
ways raised. Two methods of procedure are followed in answer- 
ing this question, both of which have previously been discussed 
in connection with the electric iron. The power law; volts times 
ampers equals watts, is reviewed. A voltmeter and an ammeter 
are connected in the circuit and the readings obtained are com- 
pared with those on the name plate of the motor. From these 
figures the pupils calculate the cost of running the machine for 
a given time. A second method is also used as a check on the 
first. The current is drawn through a watt-hour-meter and the 
number of revolutions of the disc is counted for a given length 
of time. The wattage is then calculated from the formula, 
3600 X correction factor X no. of rev. 


‘ ss as Oe RES 
time in seconds 





The use of the formula has already been discussed as has also 
the method of finding the correction factor which is a function 
of the meter. The formula has the advantage that it can be used 
in connection with any electrical equipment any place by any 
one if he can watch the watt-hour-meter for a few minutes. A 
large number of pupils like to find out how much it costs to 
operate different home appliances. 

Now the question might well be asked, “What is the ad- 
vantage of using the above discussed method as compared to 
the traditional method when studying physics?” There are sev- 
eral reasons: 

1. The machine is the center of interest in place of some ab- 

stract law or principle of physics. 

2. The pupil already knows or thinks he knows something 
about the machine. This makes the lesson more interesting 
as well as simpler. 

3. The pupil is familiar with the machine outside of school 
and this makes it easier to make the lesson practical and 
applicable to life situations. In the mind of the pupil is the 
machine at home; in this case the vacuum cleaner. 

4. School becomes more than book learning. It becomes part 

of the everyday living of the pupil. 

5. Parents become interested. Their children are studying 
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something in which they are also interested. 

6. Pupils become more critical when they buy articles. 

7. A much higher percentage of the pupils will study physics. 
Of the 341 pupils that graduated from our school this year, 
57% had studied physics. 

8. A general check has been made of the pupils that continue 
to study physics at college. Their records have been as 
good or better than their high school records. 


PROBLEM DEPARTMENT 


ConDuUCTED BY G. H. JAMISON 
Stale Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

(ll readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or 
proposed problem, sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The editor of the department desires to serve its readers by making it inter- 
esting and helpful to them. Address suggestions and problems to G. H. Jami- 
son, State Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for 
solutions should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solution. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the ones submitted 
in the best form will be used. 


LATE SOLUTIONS 
2041. Proposed by Roy Nancy, Ovid, N.Y. 
Solve: V/8x%+4— W/8«%—4=2 
Solution by Walter L. Smith, Long Beach, Calif. 


Given: W8x+4—~W/8x—4=2. Transposing and raising the quantities 
to the 3rd power, we have 


(8x+4) = (8x—4)+2/(8x—4)?+4y/8x—4+8. 
Collecting similar terms and transposing, we have 


VW (8x—4) = —2y/8x—4. 
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Raising these quantities to the 3rd power and removing the factor 16 
(2x—1)2= —2(2x—1) 
4x?—44+1=—4x+2 
4x? = 1 
x= +h. 

Both roots satisfy the original equation. 

Solutions were also offered by Margaret Joseph, Milwaukee, Wis.; M. 
Kirk, Philadelphia, Pa.; David Koss, Brooklyn, N.Y.; Albert F. Gilman, 
Chicago; M. I. Chernofsky, West Haven, Conn.; Raymond Kassler, 
Forest Hills, N.Y.; C. F. Gross, Toronto, Can.; Margaret D. Zwicky, 
Oak Park, Ill.; Hugo Brandt, Chicago; Max Beberman, Nome, Alaska; 
Nicholas Kashta, Chicago; V. C. Bailey, Evansville, Ind.; I. F. Wagner, 
Radford, Va.; Richard P. Martin, Philadelphia, Pa.; Paul Mount-Camp- 
bell, New Mexico Military Institute; M. C. Roman, Jr., Maryville, Mo.; 
W.R. Warne, Alton, IIl. 


2042. No solution has been offered. 


2043. Proposed by Lyman J. Harris, Maryville, Tenn. 

If S,=1+3+3+ °°: +1/n, and n>9, then prove that n(m+1)'" 
—n<S,<n—(n—1)n-et 

Solution by Hugo Brandt, Chicago 

If S=1+3+3+ -- + 1/n show [n(n +1)" —n] <S <[n—(n—1)n-VC-] 

Solution: The arithmetical means of a number of positive items (not all 
alike) is greater than their geometrical means 

m=ltitit ++, +1 | 


(n items each) 


jit s + -_ 
sone aa ae 





a ee | n+1 ; 
(add) n+S=—+—+—+-:--,— (n items) 
Se ive n 
om n—1 ‘ 
(subtract) n—S=—+—+-+--,— ((m—1) items) 
zs 2 n 


let the means for n+S be a, and g,, arithmetical and geometrical respec- 
tively; and similarly for nm —S: a,and ge. 
Then 
nS 


Lane 
qg=—, n@wvaetl 
n 


and since a; >g, we have 
n+S —= , ; 
——>Vn+1 or [n(n+1)""—n]<S 
n 
Again 
n—1 —— 
n—S /} 
va eee PONE WE _= — 
& V 3 
and since d2> gz we have 
n—S 1 L/(n—1) " 
——> (—) or S<[n—(n—1)n-Vir-v 


n—1 n 


-. indeed [n(m +1)" —n] <S <[n—(n—1)n-V@-] 














PROBLEM DEPARTMENT 837 
2044. Proposed by Norman Anning, University of Michigan 
Prove that (\/6+./4+ V3+V24+V —1)"isa pure imaginary number. 
Solution by Aaron Buchman, Buffalo, New York 


In the formula, 


1—cos x 
sin $x= + 4 awe let x= 30°. 


The 


sin 15°= 1/23 - /3=2V 541 VSI 
mie 4 8 2/2 


In a similar manner, 


/3+1 
cos 15°= ~ 7 « 
2/2 
In the formula, 
1+cos x ™ 
cot }x=————» let x= 15°. 
sin x 
Chen ’ 
oe”, ee 
cot 74° = 64-44-3472. 
V/3-1 
From this, it is evident that the amplitude of the complex number, 


10 


(V¥64+V44+V3+4 2+, —1) is 7}°. Therefore, the amplitude of, 
(//6+V4+V34+V72+V-—1)" is 90° and it is a pure imaginary number. 

Solutions were also offered by M. Kirk, Philadelphia; Mildred Hopkins, 
Kankakee, Ill.; Hugo Brandt, Chicago and the proposer. 


2045. Proposed by Hugo Brandt, Chicago 
Show that, if the sum of squares of two integers is even, say 2S, another 
pair of integers can be found, the sum of whose squares is S. 
Solution by Walter L. Smith, Long Beach, Calif. 
Given a?+)? =2S, with a and 6 integers. 
2(a?-+b*) = (a+b)?+(a—b)? 
“. (a+b)?+(a—b)?*=4S 


(2) +()-s 


If a is odd, 6 must be odd and if @ is even, 6 must be even in order that 
the given equation be satisfied. 

.. aand b being integers, a-+b/2 and a —b/2 are integers the sum of whose 
squares is S. 

Solutions were also offered by Norman Anning, University of Michigan; 
Max Beberman, Nome, Alaska; Aaron Buchman, Buffalo, N.Y.; M. I. 
Chernofsky, West Haven, Conn.; Nicholas Kushta, Chicago; M. Kirk, 
Philadelphia; and the proposer. 


and 


2046. Proposed by Felix John Philadelphia, Pa. 
Lines drawn from a vertex of a parallelogram to the mid-points of 
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opposite sides, trisect a diagonal. 











or B 


This solution is based on the propositions: 

(1) The diagonals of a parallelogram bisect each other; and 
(2) The medians of a triangle meet at a point which is two thirds of the 

distance from any vertex to the mid-point of the opposite side. 
Construct BD 
AG and BE are medians of the triangle ABD 
BI and CG are medians of the triangle CBD 
Therefore AF =2FG and CH =2HG 
Since AG=GC 
AF =FH =HC 

Solutions were also offered by Mildred Hopkins, Kankakee, IIl.; 
Margaret Joseph, Milwaukee, Wis.; David Koss, Brooklyn; Max Beber- 
man, Nome, Alaska; Hugo Brandt, Chicago; Norma Sleight, Evanston, IIL; 
M. Kirk, Philadelphia; Margaret D. Zwicky, Oak Park, IIl.; Albert F. 
Gilman, Chicago; M. I. Chernofsky; Walter L. Smith, Long Beach, Calif.; 
W.R. Warne, Alton, IIl.; and the proposer. 


HIGH SCHOOL HONOR ROLL 


The editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems 
submitted in this department. Teachers are urged to report to the 
Editor such solutions. 

For this issue the Honor Roll appears below: 


2041. J. M. Arenson, Chicago; Clifford Spector, Bronx, N.Y. 
2046. Clifford Spector, Bonx, N.Y. 
PROBLEMS FOR SOLUTION 

2059. Proposed by Bessie Spillman, Dobbs’ Ferry, N.Y. 

In Triangle ABC if ZB =45°, show that (1+cot A)(1+cot C) =2. 
2060. Proposed by Hugo Brandt, Chicago. 

Show that 2° is a factor of (2")!, where r =2"—1. 
2061. Proposed by Clarence R. Perisho, McCook, Nebraska. 


Show that m! is divisible by a*, where a and 6 are integers and + is ap- 
proximately equal to m/(a—1) for large values of n. 
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2062. Proposed by Ernest Van Riper, Romulus, N.Y. 
Solve: 
x+xy'=18 


xy+axy?= 12. 
2063. Proposed by Brother Felix John, Philadelphia, Pa. 
If r and R are respectively the inradius and circumradius of triangle ABC, 
prove that 
1 1 1 1 


“rR ” eu be ca 


2064. Proposed by Belle Couley, Newark, NJ. 


If x is a positive integer show that 72*+'+1 is divisible by 8. 


BOOKS AND PAMPHLETS RECEIVED 


MATHEMATICS OF BUSINESS AND ACCOUNTING, by ‘Kenneth Lewis 
Tefftzs, Ph.D., Associate Professor Finance, University of Southern Cali- 
fornia and E. Justin Hills, Ph.D., Department of Mathematics, Los Angeles 
City College. Cloth. Pages xii+267+51. 1523.5 cm. 1947. Harper and 
Brothers, 49 East 33rd Street, New York 16, N. Y. Price $3.00. 


An INTRODUCTION TO PERSONAL HYGIENE, by Laurence B. Chenoweth, 
University of Cincinnati. Cloth. Pages xix +345. 13.5 X20.5 cm. 1947. F. S. 
Crofts and Company, 101 Fifth Avenue, New York, N. Y. Price $2.50. 


GENERAL ZOOLOGY, by Winterton C. Curtis, Professor Emeritus of Zool- 
ogy, {University of Missouri, and Mary J. Guthrie, Professor of Zoology, 
University of Missouri. Cloth. Pages xx+794. 15X23 cm. 1947. John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York, N. Y. Price $4.50. 


INTERMEDIATE ALGEBRA, by Jack R. Britton, Ph.D., Associate Profes- 
sor of Engineering Mehanics, and L. Clifton Snively, M.S. (E.E.) 
Assistant Professor of Engineering Mathematics, University of Colorado. 
Cloth. Pages ix +337. 1421.5 cm. 1947. Rinehart and Company Inc., 232 
Madison Avenue, New York 16, N. Y. Price $2.00. 


ELEMENTARY ARITHMETIC ITs MEANING AND PRACTICE, by Burdette R. 
Buckingham. Cloth. Pages viii +744. 15 X23 cm. 1947. Ginn and Company, 
Statler Building, Boston 17, Mass. Price $4.50. 


ESSENTIALS OF STRENGTH OF MATERIALS, by Torquato J. Pisani, 
Teacher of Applied Mathematics, Brooklyn Technical High School, Brooklyn, 
N.Y. Cloth, Pages vii +229. 15 X23 cm. 1947. D. Van Nostrand Company, 
Inc., 250 Fourth Avenue, New York 3, N. Y. Price $2.80. 


Sunspots IN AcrIon, by Harlan True Stetson, Ph.D., Research Associate, 
Massachusetts Institute of Technology, Director, Cosmic Terrestrial Research 
Laboratory, Needham, Massachusetts. Cloth. Pages xiv +252. 14.521 cm. 
1947. The Ronald Press Company, 15 E. 26th Street, New York 10, N. Y. 
Price $3.50. 
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THE NAMING OF THE TELESCOPE, by Edward Rosen, The City College of 
New York, Cloth. Pages xiv +110. 12.5 18.5 cm. 1947. Henry Schuman, 
Publisher, 20 E. 70th Street, New York 21, N. Y. Price $2.50. 


COLLEGE ALGEBRA, by E. Richard Heineman, Associate Professor of 
Mathematics, Texas Technological College. Cloth. Pages ix+359. 13.520 
cm. 1947. The Macmillan Company, 60 Fifth Avenue, New York, N. Y. 
Price $3.25. 


ONE-STEP PROBLEM PATTERNS AND THEIR RELATION TO PROBLEM 
SOLVING IN ARITHMETIC, by Ethel Sutherland, Ph.D. Teachers College, 
Columbia University Contributions to Education, No. 925. Cloth. 170 
pages. 1522.5 cm. 1947. Bureau of Publications. Teachers College, 
Columbia University, New York, N. Y. Price $2.35. 


SPROUTING YouR Wincs, Prepared by Bruce H. Guild, Jron Mountain 
High School, Iron Mountain, Michigan, for the Committee on Experimental 
Units of the North Central Association of Colleges and Secondary 
Schools. Paper. Pages vii+114. 1825.5 cm. 1947. McGraw-Hill Book 
Company, Inc., 330 West 42nd Street, New York 18, N. Y. Price $1.32. 


MANUAL OF AstRoNOMyY, A GUIDE TO OBSERVATION AND LABORATORY 
INTERPRETATION in ELEMENTARY AsTRONOMY, by R. William Shaw, and 
Samuel L. Boothroyd, Cornell University. Third Edition. Paper. 294 pages 
plus several charts. 21.538 cm. 1947. F. S. Crofts and Company, 101 
Fifth Avenue, New York 3, N. Y. Price $3.00. 


SELF-HELP GEOMETRY WorKBOOK, by H. D. Welte, President, Teachers 
College of Connecticut, New Britain, Connecticut; F. B. Knight, Director, 
Department of Education and Applied Psychology, Purdue University, 
Lafayette, Indiana; and L. S. Walker, Head of Mathematics Department, 
Niles High School, Niles, Michigan. Paper. 84 pages. 22.5 X30 cm. 1947. 
Scott, Foresman and Company, Chicago, IIl. Price 72 cents. 


Louis AGAssiz, SCIENTIST AND TEACHER, by James David Teller, 
Paper. Pages xi +145. 15 23 cm. 1947. The Ohio State University Press, 
Columbus, Ohio. 


CAREERS FOR YOUTH IN LIFE INSURANCE, by Helen M. Thal. Paper. 
71 pages. 15 X23 cm. 1947. Institute of Life Insurance, Educational Divi- 
sion, 60 East 42nd Street, New York 17, N. Y. 


EDUCATION IN NICARAGUA, by Cameron D. Ebaugh, Senior Specialist, 
in Education in Latin American Countries, American Republic Section 
Division of International Educational Relations. Bulletin 1947, No. 6. 
Pages iv +56. 14.5 X23.5 cm. Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D. C. Price 20 cents. 


EDUCATION IN THE DomINIcAN REpPuBLIC, by Gladys L. Potter, and 
Cameron D. Ebaugh, Senior Specialists in Education in Latin American 
Countries, American Republics Section. Division of International Educa- 
tional Relations. Bulletin 1947, No. 10. Pages vi+34. 14.5X23.5 cm. 
Superintendent of Documents, U. S. Printing Office, Washington 25, D. C. 
Price 15 cents. 

GENETICS Is Easy, by Philip Goldstein, Teacher of Biology at the Bronx 


High School of Science. Paper. 72 pages. 14.5 X23 cm. 1947. Garlan Pub- 
lications, 77-79 River Street, Hoboken, N. J. Price 75 cents. 











BOOK REVIEWS 


MATHEMATICS FOR THE CONSUMER, by Raleigh Schorling, Head of De- 
partment of Mathematics, The University High School, and Professor of 
Education, University of Michigan; John R. Clark, Professor of Teachers 
College, Columbia University; and Francis G. Lankford, Jr., Associate 
Professor of Education, University of Virginia. Cloth. Pages x+438. 
15 +24 cm. 1947. World Book Company, Yonkers-on-Hudson 5, N. Y. 
Price $1.96. 

The title of this textbook provides a good description of its contents: 
There are seven units including the following topics: How to Handle 
Statistics; Better Buymanship; Using Consumer Credit; At Home and 
On the Job; Investments; Greater Security; and Taxation. Typical of the 
division of these units is Unit IV, in which the following problems are dis- 
cussed: How may a family manage a workable budget; What are the costs 
of heat, electricity, gas, and water in a family budget; How do you com- 
pute discounts; How may a monthly bank statement be checked; and What 
mathematics is needed by a beginner in a small business. The unit is com- 
pleted with a final test and an inventory test on one of the fundamental 
arithmetic concepts, in this particular case, percents. 

This book seems to provide the kind of mathematics that the average 
person will need in trying to get along in his ordinary work. The problems 
involved, the explanations, the discussion questions, and things to do are 
such that this course should probably be given either the eleventh or 
twelfth year of school, preferably the latter. Inventory tests on the various 
arithmetic processes and a computation workshop at the end of the book 
provide for maintenance of arithmetic skills. 

The authors state in their introduction that “there are significant goals 
that you” (the student) “will be able to attain through your study of this 
course in consumer mathematics: (1) You will learn to use mathematics 
with the competence demanded of todays high school graduate; (2) You 
will be a more intelligent and efficient consumer of the goods and services 
offered to the American people; (3) You will be a more intelligent reader 
because you will have a better understanding of the mathematical language 
that is today so widely used in newspapers and magazines to keep the 
consumer adequately informed.” One cannot doubt the importance of 
reaching these goals and your reviewer was convinced as he studied this 
book that “Mathematics for the Consumer” will help to make the high 
school student a better consumer because he will know more about the 
things he buys. 

ALBERT R. MAHIN 
Broad Ripple High School 
Indianapolis, Indiana 


INTERMEDIATE ALGEBRA, by Joseph B. Orleans, Head of Mathematics De- 
partment, George Washington High School, New York City; and Walter W. 
Hart, Author of Mathematics Textbooks, Formerly Associate Professor of 
Mathematics, School of Education, University of Wisconsin. Second Edi- 
tion. Cloth. Pages vii+296. 1947. D. C. Heath and Company, 285 
Columbus Avenue, Boston 16, Mass. Price $1.56. 


Intermediate Algebra, second edition, is divided into fourteen chapters. 
The topics of these chapters are as follows: Introduction; Problems; 
Functional Relations; Exponents; Logarithms; Trigonometry of the Right 
Triangle; Graphic Representation; The Quadratic Equation; Quadratic 
Functions of Two Variables; Variation; Progressions; The Binonial 
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Theorem; Miscellaneous Problems; and Additional Topics. Most of these 
chapter topics provide an adequate description of the material discussed 
in the particular chapter having that topic, but a few of them should be 
explained. The introduction provides the usual review of elementary 
algebra through a series of diagnostic tests, each of which is followed by 
explanations and one or more practice exercises. The problems of chapter 
two are verbal or written problems of six principle types namely, uniform 
motion, business, mixture, digit, work, lever, and ratio problems. The 
Miscellaneous Problems are problems in which the processes developed in 
the preceeding chapters are used in verbal problems. The final chapter in- 
cludes certain types of factoring, solution of more complex systems of 
equations, the factor theorem, square root of algebra polynomials, com- 
plex numbers, radicals and radical equations, fractional and negative 
powers of a binomial, and a section on statistics. 

The explanations of the various topics seem adequate, and the number 
of students exercises also should be sufficient to allow for selection to fit 
the needs of the class. Besides the diagnostic tests and practice exercises 
of chapter one there are ninety-seven sets of exercises. There are four 
cumulative reviews which follow chapters five, nine, eleven, and thirteen 
and a general review which follows the final chapter. Most of the chapters 
are followed by mastery tests. 

Your reviewer was well impressed in his study of Intermediate Algebra 
and suggests to those who are planning new adoptions of advanced algebra 
books that they should include this book in their lists of books for con- 
sideration. 

ALBERT R. MAHIN 


ELECTRICITY, PRINCIPLES, PRACTICE EXPERIMENTS, by Charles S. Siskind, 
M.S.E.E., Assistant Professor of Electrical Engineering, Purdue Uni- 
versity. Cloth. Pages ix+448. 13X21 cm. 1947. McGraw-Hill Book 
Company, Inc., 330 West 42nd Street, New York 18, N. Y. Price $2.60. 


The author here presents a unified treatment of direct and alternating 
current principles and practices. This close association of the two fields 
as applied to instruments and machinery allows closer comparison and 
contrasts which should aid the student in learning the underlying prin- 
ciples. The treatment is nonmathematical except for the simple arith- 
metic and algebra required for circuit solution. It should be well suited for 
use in technical or vocational high schools, terminal courses at the junior 
college level, or for courses in colleges and universities where the nonelec- 
trical engineering student requires a working knowledge of electrical ap- 
paratus. It is excellently adapted for self study, having many questions 
and problems at the end of each chapter. 

Experiments are integrated into the text. Many are arranged for class 
demonstrations with simple apparatus, while others are for student opera- 
tion. Some apparatus construction details are given so that actual con- 
struction of some devices may be made where shop facilities are available. 

The presentation of the direct and alternating current motor is especially 
practical, giving a very clear discussion of the single phase types of frac- 
tional horsepower motors so often met in practice. 

The text is very readable with many well presented diagrams of circuits 
and apparatus. The photographs of apparatus and setups leave much to be 
desired but are probably the fault of poor paper. 

H. R. VOORHEES 
Chicago City College 
Herzl Branch 
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PHOTOELECTRIC CELLs, by A. Sommer, Ph.D., Formerly Cinema Television 
Company, Lid. Cloth. Pages viii+104. 13.5 21.5 cm. 1947. Chemical 
Publishing Company, Inc., Brooklyn 2, N. Y. Price $2.75. 


This is a monograph entirely devoted to photoelectric cells of the emis- 
sion type. A brief survey of the principles of photoelectric emission is given 
in the early chapters and is followed by a more detailed description of the 
manufacture and properties of photocathodes. An account is given of 
vacuum, gasfilled and multiplier photocells and their relative advantages 
and disadvantages. The discussion of applications of the photoelectric cell 
is confined to problems of a purely photoelectric nature as distinct from 
circuit and design problems. 

Some of the definite fields dealt with in this monograph are the applica- 
tions to photometry, sound film reproduction, picture telegraphy and 
television. Aid is given by stressing the points to be considered in selecting 
the most suitable photoelectric cell for a certain purpose. 

This book will be welcome to all who use photoelectric cells or who wish 
to get acquainted with the theory, manufacture, types and applications of 
photoelectric cells. 

H. R. VooRHEES 


MECHANICAL DrAwING, by Fred Nicholson, Head of Academic Division, 
Henry Ford Trade School, Dearborn, Michigan. Cloth Pages vii+211. 
18 X25 cm. 1946. D. Van Nostrand Company, Inc., 250 Fourth Avenue, 
New York, N. Y. Price $2.00. 


The author of this new text has been closely associated with industry 
and has been training boys in the necessary skills and practices of mechan- 
ical drawing as required by industry. The book, therefore, is not a rehashing 
of old methods and practices but is up-to-date as to the requirements of 
modern industry in this specialized field. 

The text is very adaptable for home study, having drawing assignments 
and tests with each chapter. It would also serve as a first course text in 
high schools and colleges. 

The line drawings are very clear, being large enough to be easily read 
and to give the student the right sense of proportion. Pictorial presentation 
of parts are also large and clear with dimensioning very clearly shown so 
that the student should have no difficulty in transferring them to a working 
drawing. 

Much emphasis is placed on modern machine shop practices. Some work 
is given in aircraft drawing, familiarizing the student with many of spe- 
cialized part names and methods of representation. Isometric, oblique and 
cabinet methods of pictorial drawing are presented. 

H. R. VORHEES 


GENERAL BIoLocy, by Perry D. Strausbaugh, Ph.D., Professor of Botany, 
West Virginia University, and Bernal R. Weimer, Ph.D., Professor of 
Biology, Bethany College, West Virginia. Second Edition, Cloth. Pages vii 
plus 718. 15X21 cm. 1947. John Wiley & Sons. Price $4.75. 


The teacher in search of a well-balanced text, well suited to the college 
level, finds much that is appealing in the revised second edition of General 
Biology by Strausbaugh and Weimer. Fundamental principles and scientific 
attitudes as well as methods are stressed throughout the book. Additional 
materials on hormones, bacteria, genetics, evolution and conservation 
bring these discussions more nearly up-to-date. Biographical and historical 
material furnish valuable information as well as background for other sub- 
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ject matter. The liberal use of heavy type, capitals, and italics to set off 
topics, groupings, derivations and technical terms probably encountered 
for the first time aid the student in mastering the material. The combined 
index-glossary are also helpful features of the book. The illustrations are 
for the most part large and plain, there is, however, the meaningless, if not 
annoying and misleading over-use of heavy black outline illustrations, 
affected by a number of modern texts. Good use is made of figures showing 
relationships between macroscopic and microscopic features. The sections 
on taxonomy, ecology, heredity, pathology and conservation are enriched 
by well chosen photogfaphs. Photomicrographs of tissues accompanied by 
line drawings of the same structures are especially effective in their 
teaching value. Color is economically confined to its most effective and 
necessary teaching use, to that of colored diagrams, maps and of groups of 
organisms where color is a diagnostic feature, such as the plates on butter- 
flies and birds. It must be mentioned, however, that the plate on butterflies 
is not very accurate in its color values. The treatment of plant and animal 
materials under the same broad topical headings, viz. metabolism, repro- 
duction, heredity, ecology conforms to the meaning of a text in biology. 

Mrs. EstHER WHITNEY-POTZGER 

Canterbury College, 

Danville, Indiana 


GREAT ENGINES AND GREAT PLANES, by Wesley W. Stout. Cloth. 133 
pages. 13 X20 cm. 1947. Chrysler Corporation, Detroit 31, Michigan. 


This little book is put out by the Chrysler Company to tell of the war 
work done by their great plants. It is highly illustrated, much in color, and 
shows all phases of construction, the finished products, the planes in action, 
and the destruction wrought. Your pupils and their parents will want to 


read it. 
G. W. W. 


SECRET, by Wesley W. Stout. Cloth. 67 pages. 13 X20.5 cm. 1947. Chrysler 
Corporation, Detroit 31, Mich. 
This is the history of the atomic bomb—as much as can now be told ina 
little volume with excellent photographs, many in color of the men at work, 
the destruction at Hiroshima and Nagasaki, and the tests at Bikini. A 


truly wonderful story of a terrible event. 
G. W. W. 





SAFETY IN THE LABORATORY 


The SAFETY COUNCIL of the N.E.A. recently stated “If a teacher is 
going to teach safety he first needs ideas and some guidance. He can’t stand 
and think out his plan in a void while forty pupils wiggle and lose interest.” 

Visual Sciences has adopted the Army’s teaching method of cartoons in its 
new film “SAFETY IN THE LAB.” This portrayal of the tragic results of 
carelessness and stupidity is carefully carried out by the chief figure in the 
cartoons known as “Mortiner Monicule” who persistently uses the wrong 
approach with disastrous results. This film called “SAFETY IN THE LAB” i 
based on the formula, 1 picture +1 laugh=1 lesson in Safety. 

The film visually crystallizes the thinking in this direction of pupils and 
teacher alike. Safety in the Lab—comprises 53 hand drawn cartoons with a 
powerful punch line in each frame. 

Postpaid—lInsured....... . .$3.00 
Visual Sciences 2645 & M, Suffern, N. Y. 
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